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CHEMICAL MODIFICATION OF DMA USING 
PEPTIDE NUCLEIC ADD CONJUGATES 

Field of the Invention 

The present invention relates to peptide nucleic acid (PNA) conjugates and a method for binding these 
conjugates to DMA for diagnostic and therapeutic applications. More particularly, the invention relates to PNA inked 
to f luorophores or peptides which hybridize to DNA and can be used to monitor the bitraceilutar location of exogenous 
trartsf ected DNA and to promote various intracellular processes. 

Background of the Invention 
Pbsmid based, non-viral gene delivery systems have been shown to be promising for the treatment of major 
inherited and acquired diseases, and for the development of a new approach to vaccination fWorff et aL, Scmnce 
247:1465-1468/1990; Urner et at Science 259:1745-1749,1993; Donnety etiUUfeSci 60:163-172. 1997; 6ao 
et at Gene Ther. 2:710722. 1995; Feigner, Arm. N.Y. Acad. Sci 772:126-139, 19951 Although the numbers of 
human gene therapy trials with these technologies are increasing, their efficiencies and clinical potencies are currently 
kmrted due to tow levels of m ww> gene product expression (Feigner, Hum. Bern Ther. 7:1791-1793, 1996). 
Commonly used approaches for increasing in mo expression include improving the DNA defvery system (Gao et aL, 
Gene Therapy 2:710-722, 1995; Feigner, supra.; Behr, Bbconj. Cheat 5:382-389, 1994) or optimizing the DNA 
sequence at the level of the promoter, enhancer, intron or terminator (Hart&ka et aL, Hum. Gene Ther. 7:1205-1217, 
1996; Liang et aL, Gene Therapy 3:350-356, 1996). 

m conventional small molecule drug development it is common to make systematic chemical modifications 
of the biologically active agent rtsetf in order to improve its bioavaBabifty and efficacy. This research and 
deveJopmerrt activity is referred to as medicinal chemistry. The abifity to carry out a medicinal chemistry approach 
to improve the bioavaiahaity of DNA is presently lacking because the methods that have been employed to directly 
modify DNA either reduce or destroy its abffity to be transcribed. In addition, the avaaafafte approaches to chemjcaoy 
modify plasmids which involve photolysis, nick translation, or the use of chernkaBy active nucleotide analogs, 
randomly attack the DNA so that the final product is chemically heterogeneous and poorly defned. 

Several methodologies, including electron microscopy, fluorescence in situ hybridization (FISH), in situ 
polymerase chain reaction (PCR), DNA intercalating dyes and radio-, btotm-, gold-, or fluorescent-labeled DNA, have 
been used to follow the deWery of DNA in cefls (Loyter et aL, Proc NatL Acad. Sci USJt. 79:422426, 1982; 
Tsuchiya et aL J. Bacterial 170547-551, 1988; Chowdhury. 1993; Zabner et aL. J. BJbl Cham. 270:1 8997- 19007, 
1995 ; Dowty et aL. Proc NatL Acad. Sci USJL 92:4572-4576, 1995; Bordignon et aL. Science 270:470475, 
1995; Dean, Exp. Cat ties. 230293-302, 1997). However, these methods have practical and technical imitations, 
which can teed to difficulties in interpretation. Electron microscopy, FISH and n situ PCR require ceO fixation, lysis, 
and lengthy manipulations, and these procedures have been shown to influence the detection sensitivity and pattern 
of DNA dlstrimtion m cells. DNA intercalating fluorescent dyes, bind weakly to piasmid and exchange with 
endogenous nucleic acid raising questions about the intracellular source of the fluorescent signaL Other covalent 
fluorescent tabefing methods which utfce nick translation or photoaffimty labeling result si chemical breakdown of 
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the starting material and thus any observations made with these materials may not be representative of the behavior 
of the original brtact plasrraL None of the technologies presented above allow direct detection of structurally and 
functionaiy intact ptasmid in a real-time fashion in viable ceQs. 

Peptide nucleic acids (PNA) have been developed to hybridize to single and double stranded nucleic acids. 
PNA are nucleic acid analogs in which the entire deoxyribose-phosphate backbone has been exchanged with a 
chemicaly comptetefy different but structurally homologous, potyamide (peptide} backbone contain vig 2-aminoethyl 
glycine units. Unfke ONA, which a highly negatively charged, the PNA backbone b neutral Therefore, there is 
much less repubive energy between complementary strands in a PNADNA hybrid than m the comparable DNA-DNA 
hybrid and consequently they are much more stable. PNA can hybridize to ONA in either e Watson/Crick or 
Hoogsteen fashion (Demidpv et al, Proc NatL Acad. ScL USA. 923637-2641, 1995; Eghohn, Nature 365:566-558, 
1933; Nielsen et al. Science 254:1497-1500, 1991; Ouehotn et al. New J. Chem. 21:19-31, 1997). 

Molecules catted PNA "clamps" have been synthesized which have two identical PNA sequences joined by 
a ftaribfe hatrpai inker containing three 8-ammo-3,B-dioiaoctanoic acid units. When a PNA damp b mixed with a 
comptementary homopurine or homopyrimidine DNA target sequence, a PNA-DNA-PNA triplex hybrid can form which 
has been shown to be extremely stable (Bentin et al. Biochemistry 35:8863-8869, 1998; Eghovn et aL, Nudek 
Adds Res. 23217-222, 1995; Griffith etui, J. Am. Chem. Soc. 117:831-832, 19951 

The sequence-specific and high affinity duplex and triplex binding of PNA have been extensively deserted 
(Nielsen et at. Science 254:1497-1500, 1891; Eghokn et al,./. Am. Chem Sec. 114:9877-9678, 1992; Eghoan at 
al. Nature 365566-568, 1993; Aknarsson et al, Proc Natl AcatL Sci USA. 90:9542-9546, 1993; Demidov e| 
aU Proc NatL Acad Sci USA. 922637-2641, 1995). They have also been shown to be resistant to nuclease 
and protease digestion (Demidov et at Biochem. Pharm. 48:1010-1313, 19941 PNA has been used to inhibit gene 
oppression (Hanvey at al. Science 258:1481*1485,1992; Nielsen et al, NucL Acids Res.. 21:197-200, 1993; Nielsen 
et al. Bene 149:139-145, 19941 to block restriction enzyme activity (Nielsen et al, supra.. 19931 to act as an 
artificial transcription promoter (Mofegaard, Proc NatL Acad ScL USA. 91:3892-3895, 1994) and as a pseudo 
restriction endoraicfeasa (Demidov et al, NucL Acids. Bes 212103-2107, 19931 Recently, PNA has also been shown 
to have anthnrai and amitumoraJ activity mediated through an antbense mechanbm (Norton, Nature BiotechnoL, 
14tf1K19, 1996; rhrschman at al, J. mvestig. Med. 44:347-351. 1996). PNAs have been linked to various 
peptides in order to promote PNA entry into ceks (Basu et aL, Bhconj. Chem. 8:481-488, 1997; Pardridge et al, 
Proc. NatL Acad ScL USA. 825592-5596, 19951 However, hybridization of PNA-peptide complexes to DNA, and 
tranrfection of ceBs with these complexes, has not been reported. In addition, the use of PNA-peptide conjugates 
for irnjmrving the bioavaaabffity of plasmid DNA and for increasing transgene expression has not been previously 
neicnoefl. 

The ideal probe for vreversmJe chemical modification of plasmid wfl not damage the plasmid, and thus wiB 
not interfere with its transcription or intracellular trafficking. The plasmid structure, biological activity and stability 
would be the same with or without probe. The probe should be sequence-specific in order to differentiate delivered 
plasmid tram endogenous nucleic acid and the probe itself should not have any influence on plasmid function. Al 
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of the technologies Discussed above for chemiciiry modifying plasrnid DMA mutt in DNA dimage and nterfere whh 
its transcriptional activity. Farther, none of the technologies mentioned above alow direct detection of structurally 
end functionary intact plasmid in a real-time fashion on viable cefls. The present mention provides a straightforward 
and versatfle approach to permanently introduce new physical and biological properties into DNA by irreversible 
plasmid modification. 

Summary of the Invention 

One embodiment of the present invention is a composition comprising a nucleic acid molecule and a 
conjugated peptide nucleic acid (PNA) molecule associated with said DNA molecule, wherein the PNA molecule 
contains a region complementary to the DNA molecule. In one aspect of this preferred embodiment, the nucleic acid 
molecule is DNA or RNA. Advantageously, the DNA a inear double stranded DNA, fanear sarnie stranded DNA, 
circular double stranded DNA or ciradar singfe stranded DNA. Preferably, the DNA moiecuJe is a ptasmil in another 
aspect of this preferred embodimem, the plasrnid encodes a reporter gene. Alternatively, the pbsraid encodes a 
therapttitfcgene. Advantageously, the reporter gene is 0-gaiactosidase. iuciferase, cfdoramphemcol acetyftnnsferase 
green ftaorescance protein or secreted aftaane phosphatase. Preferably, the PNA is conjugated to a fluorescent, 
cokmmetric, radioactive or enzymatic label in another aspect of this preferred embodiment the PNA is conjugated 
to a protein, peptide, carbohydrate moiety or receptor igand. Preferably, the peptide is a nuclear locaization signal 
peptide, endosomal lytic peptide, transcriptional activator domain peptide, receptor specific peptide or 
ntrntmostnudatory peptide. Preferably, the therapeutic gene is the cystic fftrosb trartsmembrane receptor (CFTR), 
nsush, dystropfon, aiterletiirin-2, interteukin-12, erythropoietin, gamma eiterferon or granulocyte macrophage colony 
stimulating factor. 

The present invention also provides a method for deterrnimng the biodistrmution of exogenous transf ected 
nucleic acid molecule in a cell comprising the steps of: contacting the exogenous nucleic acid molecule with a 
cnrnugated PNA in a sairuerice-specrfic manner prior to transfection; transf ecting the ceO with the labeled PNA; and 
rnonnoring the irrtraceiular location of the nudek acid moiecuJe. In one aspect of this preferred embodiment the 
nudeic acid molecule h DNA or RNA. AoVantageously, the DNA b finsar double stranded DNA, inear svigle stranded 
DNA, crater double stranded DNA or circular single stranded DNA. Preferably, the DNA is a plasrnid. 
Acvantageousty, the PNA b conjugated to a fluorescent cotorimetric, radioactive or enzymatic labeL In another 
aspect of this preferred ernbodimerrt the tr an sfac ti ng step is mediated by cattomc lipids. 

Stffi another embodiment of the present invention ts a method for enhancing the delivery of exogenous 
transfected nucleic acid molecule into the nudear compartment of a ceO, comprising the step of hybridizing the 
exopnous nudeic acid molecule to a PNA conjugated to a nuclear locafeation signal peptide prior to transfection. 
m one aspect of this preferred embodiment the nudeic acid molecule is DNA or RNA. Advantageously, the DNA 
is inear double stranded DNA, inear single stranded DNA, circutar double stranded DNA or circular single stranded 
DNA. Preferably, the DNA is plasrnid DNA. Advantageously, the transfection is mediated by catiomc bpids. bi 
Brother aspect of tins preferred embodiment the nudear localization signal peptaie is pofy-L-fysine, SV40 NLS, 
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antennapedb peptide, TAT peptide, c-mye peptide. Vir02 peptide, nuctaopiasmin peptide, ARNT demed peptide or 
M9 domain peptide. 

The present invention abo provides a method for promoting transcription of exogenous transfected DNA in 
8 ceB, comprising the step of hybridizing the exogenous DNA to a PNA conjugated to e transcription activator domain 
peptide prior to transfection. Advantageously, the exogenous transfected DNA is inear double stranded DNA, fcnear 
single stranded DNA, circuiar double stranded DNA or circuiar single stranded DNA. Preferably, the exogenous 
transfected DNA is plasmid ONA. Advantageously, the transfection a mediated by catJonic Epid*. m one aspect 
of tins preferred embodiment, the transcription activator domain peptide is VP16 (337-347)Z P65 (520-550), Oct-2 
(143-160), Spl 040-385). random acidic sequences or ERM (33-52). 

Yet another embodiment of the present invention is a method for preventing entrapment of exogenous 
transfected nucleic acid molecule m the endosomal compartment of a cell corrprising the step of hybridizmg the 
exogenous nucleic acid molecule to a PNA conjugated to an endosomal lytic peptide prior to transfection- In one 
aspect of this preferred embodiment, the nucleic acid molecule b DNA or RNA. Advantageously, the ONA b inear 
double stranded DNA, linear single stranded DNA, circular double stranded DNA or circular single stranded DNA. 
Preferably, the DNA b plasmid DNA. Advantageously, the transfection b mediated by cationk fcpids. m another 
aspect of tbb preferred ernfooibment, the endosomal h/tic peptide is HA derived peptide, GALA, KALA, EALA. mebtte> 
derived peptide, oJteicai peptide or Alrhejrner /7-amyloid peptide. 

The present invention also provides a method for increasing the transfection efficiency of a transfected 
nucleic acid molecule fci a cell, comprising the step of hybridizing the exogenous nucleic acid molecule to a PNA 
conjugated to a receptor specific figand prior to transfection. In one aspect of this preferred ernbodiment the nucleic 
acid b DNA or RNA. Advantageously, the DNA b fcnear double stranded DNA, fcnear single stranded DNA, cexuiar 
double stranded DNA or circular single stranded DNA. Preferably, the DNA b plasmid DNA. Advantageously, the 
transfection b mediated by cationic fcpids. In another aspect of thb preferred ernb o d ime nt, the receptor specific 
Kgand b a sugar, irinwogtobuxri, IBM derived peptide, oV-trtegrin, epidermal growth factor, asiaJogrycoprotein, 
folate, tr ansfe r rin or a2-rnacregic*uoQ. 

Another ernbcdinem of the invention b a method for screening compounds which activate transcription, 
comuiisfltu the steps of: inking a compound to a PNA; 

hyrjridnirig a pfasraid encoding a reporter gene to the PNA containing said inked compound; transf acting a ceH with 
the plasmkW^A^ompound complex; determnimj the level of expression of the reporter gene; and comparing the level 
of expression of the reporter gene to the level of expression of the reporter germ in a cell transfected with the 
pJasnid-PNA complex, wherein an increase in reporter gene expression in the presence of the compound indicates 
that the compound b an activator of transcription. Preferably, the reporter gene b 0-gaiactosidase, hictf erase, 
cWoranvherucol aceiyluansf erase green fluorescence protein or secreted alkafine phosphatase. 

The present invention abo provides a method for screening compounds which promote ceQuiar uptake of 
an exogenous micbic acid molecule, comprising the steps of inking a compound to a PNA; hybridizxig a nucleic acid 
niotecuta to the PNA containing the inked compound; transferring a cefi with the micbic actd-PNA-compound compbx; 
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Determining the intracellular amount of the nucleic acid rnofeeule; and comparing the mtracelubr ami of the mitteit 
add molecule to a eel transfected with a control complex not containing the compound, wherein an increase m the 
amount of the nucleic acid mote cute in the eel compared to the control eel indicate* that the compound promotes 
ceiuiar uptake of the exogenous nucleic acid molecule. In one aspect of this preferred embodxnent the nucleic acid 
molecule is ONA or RNA. Advantageously, the DNA b linear double stranded DNA, inear single stranded DNA. 
circular double stranded DNA or circular sngle stranded ONA. Preferably, the DNA is plasmid DNA. 

Another embodment of the present mention is a kit, comprising: a plasmid co mprisin g a PNA binding site 
and a murupte cloning site for insertion of a mideic acid sequence; a labeled PNA capable of bitting to the PNA 
binding site; and 

sequencing primers complementary to -the multiple cloning site. The kit may further co m pr i se a labeling buffer. 
Preferably, the PNA b fluorescent ry labeled. Alternatively, the PNA is labeled with a chemical group capable of 
reacting with a chemical group on a protein. Preferably, the chemical group is pyrioyidithioJ or rnatemwia. 

The present invention also provides a method for enhancing the irnmunogenicity of a protein or peptide 
encoded by an exogenous transfected DNA molecule, comprising the step of hybridizing the exogenous DNA molecule 
to a PNA conjugated to an haiumostimulatory molecule prior to transection. Preferably, 
the imrruimmimutatory molecule b a rymphokine, cytokine, muramyl dipeptide. complement-derived peptide or 
olgomicieotide. Advantageousfy, the oigonudeotide is a Cp6 dinucleotide repeat. Advantageously, the exogenous 
transfected DNA molecule is fetear double stranded ONA, inear single stranded ONA, circular double stranded DNA 
or circular single stranded ONA. Preferably, the DNA is plasmid DNA. 

Brief Description «f the Figures 
Figure 1 is a schematic diagram showing ceiuiar applications of ptasmtds hybridized to a PNA-peptide 
complex. PNApep-pbsmid with a peptide bound via a PNA damp; PNAnuc- plasmid with a nuclear locaazation 
signal peptide; PNAryt- plasmid with a endosoraorytic or fuscgenic peptide; PNAfig-piasmid with a receptor specific 
fcgantf; PNAfght -plasmid with a bound fuorcphore. 

Figure 2 shows reporter gene expression efficacy in cultured cefts, muscle cells and tumor cells. 
Figure 3A shows the PNA damp hybridized to its complementary DNA sequence and pPNA1-CMV plasmid 
ONA containimj PNA binding shea. The PNA damp hybridizes to the A6-repeat sequences on the plasmid. 
Cm-human cytomegalovirus; lUn'-kanamycin resistance gene; IE promienh-CMV enmetbate early gene 
promoter nmhancer region; B6H term-bovine growth hormone gene terminator region. 

Figure 3B shows the detafled structure of the 0-0-0 glycine inker region of the PNA damp. 
Fejure 3C shows the structure of pseudoisocytosme |JL a cytosne analog, in the PNA damp. 
Figure 3D shows Hoogsteen base pairing between adenine and thymine and protonated cytosina and guanine. 
Figure 4 shows the characterization of PNAiofigoo^xynuxleotide binding by fluorescent resonance energy 
transfer (FRET) in the presence of increasing amounts of rtodarnine-iabeled PNA. 

figure 5 shows ODN/PNA association and dissociation characterized by FRET. (•) F-ODN alone; (o) F- 
ODN/Rh-PNA; (a) triplex + 1000X weight excess of salmon sperm DNA; (■) triplex ♦ 10D0X molar excess of 
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competithre ODN; (x) triplex ♦ 100X moUr excess of DMRILDOPE fcpids; U) trjptei + 1000X weight excess of 
histonss and ( ♦ ) NaCI/SDS treatment (incubation of the PNA/ODN triplex in 50mM Tris-HCl 500 mM NaCl 10 mM 
EDTA pH 8J, 1 % SOS) for 45 rran at 58°C. 

Figure 6 shows the transfection activity of pPNAl-CMV-£-gal with and without bound PNA. 
Figure 7 b a schtraatit diagram showing the reaction of a PNA damp with the cross linking agent SMCC, 
followed by reaction with a peptide sulfhydryl group to form a PNA-peptide bond. 

Figure 8 lustrates the PNA approach for deivery of transcription activation domain peptides to the nucleus 
of transfected cehs. These peptides (TAD) are inked to a plasmid via PNA to introduce artificial activators of 
transcription directly onto the plasmid. 

Detaied Description of the Preferred Embodiments 
The present invention provides a method for permanently introducng new physical and biological properties 
into a nucleic acid molecule by irreversible chemical modification using PNA probes. These properties include 
increased tra ns f ec tion efficiency, nuclear localization, transcription activation, endosomal lytic activity and 
inminostimuiatory activity. The PNA probe can be conjugated to a fluorescent label radioactive label cotorvnetric 
label enz yma tic label protein, peptide, igand, other carbohydrate moiety or other small molecule. In feet the 
conjugation of any deseed molecule capable of faefftatmg the defivery of a nucleic acid molecule, and the expression 
of gene product encoded by the nucleic acid molecule, to e PNA is within the scope of the invention. Assays for 
deter m ining the abity of a molecule to fac&tate these events are disclosed in the examples presented hererbetow. 
PNA can also be conjugated to a fluorescent enzymatic, radioactive or cotorimetric label to allow monitoring of 
plasnrid bioavauabwry, mtracekular localization and expression of the encoded gene. 

The PNA probe does not disturb the conformation (gel mcbSty), nuclease sensitivity or transcriptional 
activity of the DNA to which it hybridizes. The PNA or PNA damp hybridizes to duplex DNA in e very high affvnty 
and sequence-speciric manner, end are nuclease and protease resistant The PNA conjugates improve the defivery 
and expression of DNA both m vitro and in mot. 

PNA de pe nde n t gene chemistry technology is used to conjugate biologically active molecules including 
peptides, proteins end carbohydrate moieties onto nucleic acid molecules including inear single stranded DNA, circular 
single stranded DNA, tear double stranded DNA, circular double stranded DNA and RNA. In a preferred embodvnent 
these biotogicaiy active molecules are coupled to a plasmid. Irreversible peptide modifications of transcriptionaly 
active plasmitb have several applications which are elustrated schematically m Fig. 1. The addition of a nuclear 
locafzation peptide onto a nucleic acid molecule f acitates its uptake into the nucleus of transfected ceils. Nuclear 
fccaazation signals are peptides from 5 to about 20 ammo acids that can facState nuclear uptake of large 
macromolecules such as protein, RNA, single stranded DNA and even micron sized gold beads, m these cases, uptake 
is rapid, occurring withm minutes, and does not require eel division. A nuclear tocabzation signal coupled to a 
plasmid that b effective at defivering the plasmid across the intact nuclear membrane of transfected celh would be 
expected to yield higher levels of transgene expression at lower plasmid levels. Nuclear locafeation signal fac9tated 
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plasmid delivery should not require cell division, and the time to onset of expression should be shorter if eel division 
is not required. 

Nudear localization peptides contemplated for use in the present invention include, but are not famed to, 
poty-Uysine (Blanke et aL, Pmc NatL Acad. Sd USA.. 93:8437-8442, 1996; Wadhwa el aL, BJoconf. Cham. 8:81- 
88, 18971 SV40 NLS (DingwaB et aL. Trends Biochem. Sci 16:478481, 1991; Lanford et aL, Ceff 46:575-582. 
1986), amtnnapedia peptide (Derossi et at J. BkL Chem. 269:10444-10450, 1994; Derossi, Restor. NetsrvL 
Nemvsci 8:17-18, 1995), TAT peptide (Fawel et aL. hoc. NatL Acad. Sci U.SA. 91:664-668, 1994; Vives et ai 
J. BkL Cham.. 272:16010-16017, 1997L c-rayc peptide (Dang et aL, MoL CaJL BtoL 8:40484054, 1988; Nigg, 
Nature 386:779-787, 1997), Vr02 peptide (Howard et aL, £etf 68:109-1 18. 1992; Babas et aL, Proc. NatL Acad. 
Sci USA. 94:10723-10728, 1997), irocteoplasmm peptide (Nigg et aL, sopra.', Burgon et aL, BiBOJ. 63617-2625. 
1987L ARNT derived peptide (Eguchi et aL, J. Aft Cham. 272:17640-17647, 1997) and M9 domain peptide (Pollard 
et at Cat 86:985-994, 1896L Nudear bcaization peptides can be used to target a plasmid encoding a transcription 
factor which activate expression of a particular gene. 

Most of the avafeble synthetic gene deivery systems are endocytosed by ce8s and the delivery system with 
its entrapped DNA ends up in the endosomai compartment If the DNA or its delivery system lacks a mechanism 
to break out of the endosomai compartment it wffl be defivered to the h/sosome and degraded. Effective gene 
delivery systems, therefore, usually have a buit in system for endosomai escape. A variety of endosomai lytic 
peptides have been shown to be effective at contributing an endosomai escape function into synthetic gene delivery 
systems (Wyman et aL, supra.', Wagner et aL, Proc NatL Acad Sci USA. 89:7934-7938, 1992; Kjchfer, BJocoi 
Cham. 8313-221. 1997; Plank et aL, J. BJoL Cham. 269:12918-12924, 1994; Haenster et at BJocon/. Cham. 4:372- 
379, 1993). In al of these examples, the endosomai lytic peptide is incorporated arto the delivery system and not 
directly on the DNA. Attaching endosomai lytic peptides directly onto the DNA enables the plasmid to be more 
efficiently released from the endosomai compartment Endosomai lytic peptides contemplated for use in the present 
invention include, but are not famed to, HA derived peptide (Wagner et aL, atom.; Plank et aL, sopra.), BALA 
(Subnarao et aL, J. BmL Cham. 262864-2872. 1987; Parente at aL, supra.), KAU (Wyman et aL, sopra.), EALA 
(Vogel et aL tf Am. Cham. Soc. 118:1581-1586, 1996), melntiivdenved peptide (Kichler et aL, supra.), a-hefta! 
peptide (Nidome ettl, J. BJoL Cham. 272:15307-15312. 1997) and Alzheimer ^-amyloid peptide (PBIot et ai, Jt 
BbL Cheat 27128757*28765, 1996). 

The addition of a igand that can bind to a cell surface receptor may lead to more efficient uptake into eels 
or result in specific uptake into a subpoputetan of cells. Naked plasmid DNA can be taken up and expressed by eels 
ai vara and soma reports suggest that the DNA in this system is taken up by a specific, receptor dependent 
mechanism (Wolff et ai. Science 247:1465-1468, 1890; Ukner et aL. Science 259:1745-1749, 1993; Meyer et aU 
Gene Therapy 2:450460, 1995L In some cases, the efficiency of synthetic gene defcvery systems has been shown 
to be greatly enhanced by incorporating specific fagands for ceO surface receptors into the carrier. Attachment of 
specific fcgands directly onto the plasmid may lead to more efficient m vfro uptake and expression of naked DNA, 
as weO as DNA that is defivered in a carrier. Specific egands contemplated for direct attachment to a plasmid 
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incfcide, but are not krmted to, mannose, galactose, immunoglobuSns, IGF-1 derived peptide, oV integrins fRBD motif). 
EGF, assaloglycoprQtein, folate, transferrin and a2-irBerogtoruin. 

PNA can also cany artificial transcription activation domains which represent intrinsieaSy transcriptiona&y 
potent vectors for inproved gene therapy systems. These activation domains are linked to PNA using the method 
described n Example 12. The PNA-peptide conjugate is then hybridized to a ptasmid containing a desired gene. 
Typical expression pJasmids contain a promoter, an enhancer, a coding sequence and a terminator. The promoter 
region of the plasmtd binds RNA polymerase 0, associated enzymes and other factors, which are requred to initiate 
transcription (Mrtchefl et aL, Scmac* 245371-378, 1689). Ptastrods containing the promoter region, but lacing 
enhancer sequences, usually fail to efficiently transcrfts the message. The function of enhancer sequences b to bard 
specific irrtracefcrfar transcription factors. The DNA-bound transcription factors interact with the transcription 
complex and increased the transcription rata. Normal endogenous transcription factors are protests that contain two 
domains, the DNA binding domain and the transcription activation domain (Brent et aL, £*# 43:729-736, 1985). The 
SNA barang daman binds to specific duplex DNA sequences, usuafy 5-10 base pairs, located in the enhancer region. 
The DMA binding domain brings the transcription activation domah into proximity of the iransna! promoter where it 
interacts with RNA polymerase to activate transcription. 

Transcription factor mediated activation has been elucidated, in part, by studies using fusion protests 
compjiiiiy various conrtrinations of DNA binding domans and different transcription activation domains. By ctang 
deferent sequences nto the transcription activation domain of these chimeric proteins, sequences capable of 
activating transcription were identified. Three major classes of transcription activation domains have been identified, 
profae-rich, gjitafrane-rich and acidic (MitcheB et aL. sap/a.; Courey et aL, CeB 55:887-898, 1988; Tanaka et aL 
UoL CeB. Biol 14*046-6055, 1994; Ma et aL, CeB 51:1 13-1 19, 1987L The shortest sequences that can confer 
transcription activation are the acidic domains (Seine! et aL, EMBQ J. 11:4961-4968, 19921 Transcription activation 
domain peptides contemplated for use in the present invention include, but are not fcmted to, VP16 (337-347)2 
(Seipel et aL, sapnX P65 (520-550) (Pettersson et aL U MoL BJoL 214:373-380, 1990), Oct-2 (143-160) (Seq»J 
et aL, sapn.; Tanaka et aL, npr*\ Spl (340-385) (Sopel et aL, wpraX random acidic sequences (Ma et aL, Of 
51:113-119, 1887) and ERM (33-52) (Defossez et aL, Nodek Adds. Res. 25:44554463, 1997L The use of 
p^ptidometics and proteins b also contemplated. 

mrounostimubitory agents may also be conjugated to PNA and used to increase immune system function. 
These agents inchnte peptides such as lyrnphokines, cytokines, murarnyl ihpeptide and conTptement-derived peptides, 
m edition. CpG chmidaotide repeats, which are known to have nronostimutatory effects, can be conjugated to 
PNA. The use of other oligonucleotides which also have nvrninostimulatory effects is also within the scope of the 



m another preferred embodiment of the invention, random peptide bbraries or tonnes of other compounds 
(e*. smal organic molecules, peptidonsmetics) are screened using nigh throughput screenng assays to discover 
traasi^Umal activators. Peptide, micfetc acid and poVsaccharide-based compounds may be synthesized by random 
and directed synthesis (Lam et aL. Nature 354*2-86, 1991 L Afcem.rjvery, Brraries of natural compounds in the 
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form of bacterial fungal plant and animal extracts are avaaabfe or readly producible. Addmonalh/. natural and 
synthcticalh/ produced fcraries and compounds are readiy modified through conventional chemical physical and 
biottenital means. Any desired compound may he screened for potential transcription activation activity. 

Compounds are coupled to PNA using standard methods. For example, peptides are linked to PNA using 
crossirrtong agents as deserted n Example 12 and the peptide-PNA conjugate b hybridized to a DNA molecule prior 
to ceU transfection. These peptidas inprove the efficiency of transaction, promote nuclear DNA localization, promote 
endosomal fysts or activate transcription as descried in more detail below. Labeled PNAs are hybridized to DNA 
molecules, preferably pbsnrids, and used to monitor plasmid biadistribution after eel transfection or to monitor 
expression of a reported gene contained within the pJasmkl The use of various labels is contemplated, mctidrrg 
raiioJabeis, eotorrotric labels and enzymatic bbeb |a^ alkaline phosphatase, horseradish peroxidase) which are we! 
known in the art Ruorescemh/ labeled PNA are avaiable from commercial sources such as PerSepthre Biosystems, 
rfannnghm MA. The compound-PNA complex is then hybridized to a plasmid encoding a reporter gene, f olowed 
by transfectaig a eel with the PNA*amipoundi>lasmid complex, and assaying reporter gens activity compared to a 
control complex not comaining the compound. These methods are deserted in the examples presented herein. 
SaraTar methodology can be used to identify peptides, peptidornimetics and other compounds which promote nucleic 
acid uptake (transfection efficiency), nuclear bcafoatnn, autosomal fysts and receptor-mediated PNA uptake using 
the various assays described in the examples presented herein. 

For example, a compound can be screened for its abSty to promote the transfection efficiency of an 
exogenous nucleic acid molecule, preferably a plasmid, by congesting the compound to a PNA, hybridizing the PNA* 
plasmid complex to tha exogenous nucleic acid molecule and contacting a eel with this complex. The amount of the 
rnukk acid molecule present in the cell is determined by, for example, agarose gel electrophoresis and etrtkfaum 
bromate staining. This amount is compared to the amount present in ceib transfected with the same complex, in 
the absence of compound. An increased amount of exogenous nucleic acid mofecule m ceJb transfected si the 
presence of the compound indicates that the compound stimulates nucleic add uptake. 

Afthough particular PNA inatanes, reporter genes and peptides inked to PNA are exemplified herein, these 
examples are merely iustrative and the use of any PNA molecule, reporter gene and peptide is within the scope of 
the nventioo. 

The Plwnad may aba comprise a therapeutic Dene and the PNA conjugation methods described hereh may 
be used to increase transfection efficiency, nuclear localization and expression of a therapeutic gene for gene therapy 
■ppfcations. The plasmid may encode any desired gene product which is absent or present at reduced levels in an 
ataaxm. Noiunming examples of these gene products ere the cystic fibrosis transmembrane receptor (CFTRJl 
ratlin, dystrophin, mtertaikin-2. interteukin-12. erythropoietin, gamma interferon and granulocyte macrophage colony 
strauhtmg factor. 

Peptides are synthesized using a conventional peptide synthesizer, coupled to PNA and the peptide-PNA 
eemoka is hybridized to e DNA sequence containing a region complementary to the PNA. The PNA-tabeled ONA is 
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then used to transf ect cetts either in vitro or parenteral administered to a vertebrate, preferably a mammal more 
preferably a human, in vivo. 

The chemieaBy modified pbsmids discussed hereinabove are useful toob in the design and srejJementetion 
of synthetic 0ene delivery systems and improve the efficiency of synthetic gene dBbvery systems for gene therapy 
5 appications. These PNA-tabeled pJasmids can be used to gain a better understanding of the ceDuiar and molecular 
barriers to DNA deivery and to develop new insights leading to more effective piasmid delivery systems. Conjugated 
PNA probes capable of hybridizing to a nuctet acid sequence of interest can be used as chemical reagents to modify 
piasmid DNA and improved its bioavaflabftty, transfectjon efficiency, expression, nuclear localization and other 
beneficial properties. 

10 The present invention also includes a method for effectively monitoring piasmid biodistribution m Irving eels 

fotowing transection using a mghty fluorescent preparation of piasmid DNA prepared by hybridizing a fluorescent 
conjugated PNA triplex damp to the t ampte m enta ry region of a piasmid or other DNA molecule. Although any 
transfectjon method wel known in the art may be used, including calcium phosphate precipitation, electroporation 
and DEAE-dextrao, cationic ipki-mediated transfection is preferred. Gene deivery systems are described by Feigner 

15 et aL 1/tum. Gene Ther. 8:51 1-51Z 1997) and mckjoe cationic fipid-based deivery systems (ipoplexL porycation-based 
deivery systems (potyplex) and a combination thereof (fipoporyplexl Cationic lipids are descried in US. Patent No*. 
4487 ,355 and 5,459,127. A fluorescent PNA probe allows quantitative time-dependent tracking of DNA in iving 
eels, and ft can be used in association with the green fluorescent protein (6FP) encoded on the same piasmid. 6FP 
has been shown to be a versatile and sensitive reporter gene, allowing rapid and quantitative monitoring of gene 

20 expression in real-time by micro s copy and by eel sorter { Chaff ie et aL Science 263:802-805, 1994; Heim et aL, 
Nature 373363-664, 1995; Cheng et aL, Nature BhtecfmoL 14:606-609, 1996). 

Entry of exogenous transf ected DNA across the nuclear envelope end into the nuclear compartment of non- 
drvkhng transfected eels is a very inefficient process in which non-dividing cells exhibit very little, if any, expression 
of transfected genes. Transfectjon and expression of exogenous transfected DNA in eels in who is significantly more 

25 difficult than tiansfectk m of eels in vitro due to the presence of a vtrtualy intact nuclear membrane which DNA 
cannot e ffi c ientl y traverse. In contrast in rapidly protferating ce&s, the nuclear membrane is constantly broken down 
and reformed. The cationic bpids used to mediate piasmid DNA transfection cannot themselves dissolve the nuclear 
membrane. 

Figure 2 compares the level of gene product expression obtainable after in vivo administration of a plasrnid 
30 encoding a reporter gene with the level that can be obtained in cultured eels. As shown in Figure 2, the amount 
of gene product recover ed following intramuscular or intratumor piasmid injection b 34 orders of magnitude lower 
than that which can be obtained in cultured cefis. Thus, there is room to improve the in vivo non-viral gene deivery 
system technology before ft reaches an efficiency level comparable to m vitro transfection. For gene therapy 
applications, ft is critical for non-dividing eels to take up end express exogenous DNA. For example, for genetic 
35 disorders m which a particular protein is lacking or present at very low levels, DNA encoding the protein must cross 
both the cytopJasmc and nuclear membranes to ensure expression of the encoded protein. Accordingly, ft is riesjraMe 
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to specifically associate plasmid or non-piasmid ONA with both PNA and a egand which faciitates traversal of the 
nuclear membrane and subsequent expression of the ONA. m a preferred embodinent. moieties which facaitate 
transport of DNA across the nuclear membrane are attached to the PNA. Such moieties mcaide peptides caled 
nuclear locafzatmn signals, proteins and other igands. 
5 Afthoogh the use of PNA triplexes are deserted herein, other molecules which are capable of triplex 

formation and hybridization in a sequence-specific manner to DNA are also contemplated such as those deserted in 
IIS. Patent No. 5.460,941. 

Fluorescent piasmids prepared by this method are neither functionary nor conformational^ altered- PNA 
binding is sequence-specific, saturable, extremefy stable and does not influence the nucleic acid tntracaluiar 

10 jfrt AiitWin in ceils. Fluorescent plasmid and green fluorescent protein (GFP) expressed from the same plasmid could 
be co-Jocafaed n tefls. and GFP is shown to be expressed only in ceQs containing detectable nuclear fluorescent 
plasmid. This method provides a basis to eaicidate the mechanism of plasmid de&very and nuclear import using 
synthetic gene debvery systems. 

To determine the biodistrfcution of transfected DNA, a DNA motecute or plasmid containing a DNA motecute 

15 of interest is contacted with a PNA probe having a nucleic acid region complementary to the DNA molecule of 
mterest such that the probe and the DNA molecule form a tightly bound triplex as described in Example 1. The PNA 
probe also has a label associated therewith, preferably a fluorescent label to aMow real time measurement of DNA 
movement within the eel by fluorescence-based assays. The PNA/DNA complex is then used to transfect eels either 
m vitro, m mv or ax vivo which are monitored usmg these assays. 

20 To fadtate entry of a DNA molecule of plasmid containing a DNA molecule of interest the PNA prone b 

associated with a moiety which facilitates entry of the DNA into the nuclear compartment of the ceL The PNA/DNA 
complex b then used to transfect cats either m vitro, in vivo or ex vivo. The PNA/DNA complex efficiently enters 
the nuclear compartraent due to the f aditatmg moiety attached to the PNA probe. For gene therapy appBcations, 
the complex is systemicaBy or locaby adrnatistered to an aralvidual preferably a human. Alternatively, the PNA/DNA 

25 complex is used to tr an sf ec t cefls taken from an individual ex vivo, then returned to the individual after transf ettion. 

Another embodiment of the invention is a kit which allows placement of a gene of interest into an 
expression vector and labeing of the expression vector with a peptide or fluorescent tag. Any desired expression 
vector is wrtran the scope of the invention, including plasmid vectors, retroviral vectors and adenoviral vectors, 
atthough plasmid vectors are preferred. The kit contains a labeled PNA and a plasmid which has a multiple cloning 

30 site (MCS) and a region complementary to PNA to aOow PNA binding. The kit also contains sequencing primers to 
alow sequencing of the gene of aitarest to confirm that the correct sequence was mserted into the multiple cloning 
site of the expression vector. The kit may abo comprise labeling and reaction buffers. The PNA corrtains a 
fluorescent tag, a cotorimetric label a radiolabel or a chemical group capable of reacting with chemical groups found 
on proteins. 

35 A variety of crossfinking agents can be used to target different chemical groups on proteins, including amino, 

carboxyl s ulfhy d ry l aryl hydroxy! and carbohydrates. Many of these crossinking reagents are available from Pierce 
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Cherrical Co. (Rockford, 1} and described in the Pierce catalog. Heterotfifunctiona! crosslnkers contiin two or more 
Different reactive groups that allow for sequential conjugations with specific groups of protests, minimizing undesirable 
polymerization or self -conjugation. KeterodifunctJonal crossfnxers which react with primary or secondary amines 
include imidoesters end N-hydroxysuccinimide (NHSNsters such as succimidyl 4^N-ma)eimidomethyl) cyclohexane-1- 
carboiytate (SIICCI ami sucomidyM-<pMnatei^ (SMPBl Cross-inkers which react with surrhydryl 

groups in duds maieimides, haloacetyb and pyridyl disulfides Carbodnmkte cross-inkers couple carboxyb to primary 
aminos or hydrazines, resulting in formation of amide or hydrazone bonds. One wider/ used carbodnrnide cross-inkBr 
is 1 *tnyL3-{3-dmtfnrtemirropro hydrochloride). 

For example, m a tei mid e-labaled PNA is obtained by reacting PNA with SMCC as discussed in Example 12 
and shown in Figure 7. PyridydrthioWabeied PNA b obtained by reacting PNA with the crossfnking agent SPDP as 
discussed in example 12. Both of these groups react with protem sulfhydryl groups. Any desired cftemical group 
can be conjugated to PNA using conventional chemical methods. The expression vector b then combined with the 
labeled PNA to produce the research reagent to be used for eel transfection, 

The stoichiametry, specificity and reverabffity of fkiorescent-PNA clamp binding to its complimentary plasmid 
DNA binding site was characterized as de sc ri bed in Example 1. 

Plasinid constructs and PNA molecules 
Pterntds- Plasmid VR1060 was constructed by inserting 10 copies of putative PNA binding elements (5'-GAGA6AGA- 
?; SHI 10 NO: 1) into a Kpnt site of VR1012 {Don et at. Gene Ther. 4:648-683, 1997). The plasmid used as 
control VR1332 was constructed as described previously (Liang, Gene Ther. 3:350-356, 1996). Rand pf*eYl 
CMV (Fig. 3) was derived from e high-expression vector-based on the human cytomegalovirus (hCMV) immediate early 
gene (IE) promoter/enhancer plus intron A and bovine growth hormone (BGH) transcription terminator (Doh et aL. 
sapraX The plasmid was constructed by inserting two copies of an oigonudeotide having the sequence: 

S'GGTACCTCTCTCTCTCTCTC 1 CI CIXnCTCTCTCTCTCT C I C 1 UHJGGTACC3 * (SEQ ID NO: 
2) into a unique Kpal site located in a nonfunctional region of the B6H terminator. 

PNA cJaanps-The PNA used in these studies was designed as a damp as previously reported (Eghokn et aL, NocL 
Adds Res. 23217-222. 19951. Rhodamine (RhL fluorescein (F) or unlabeled PNA containing a terminal primary amino 
group in place of the ftuorophore were purchased from PerSepthre Biosystems (Fremingham, MAI The PNA sequence 
used was 5'-TCTCTCTC-0-O-OJTJTJTJT -3* (SEQ ID NO: 3), where J (pseudoisocytosme) b an analog of C which 
is optimized to bind in the Hoogstein orientation (Eghokn et aL supra.. 19951 The "0" residues ere 8-amino-3,6- 
dioxaoctanoc acid inkers which separate the two regions of the PNA. The PNA is shown in Figure 3A, akmg with 
a plasmid comaming regions of DNA comptementary to the PNA (PNA binding sites). The inker b shown in detail 
in Rg. 3B. Pseudobocytosine, shown in Rg. 3C, b used as a substitute for protonated cysteine, which allows base 
pairing m the Hoogsteen orientation (Fig. 30). 

A hmwmurine (or hwnopyrimidine) binding she, such as thb AGfTC) repeat leads to formation of the PNA- 
DNA-PNA tripka damp (Duehokn et aL. sttp/sX Ptasmtds pPNAI-CMV-LacZ and pPNAICMV-GFP were derived by 
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cfanmg a ^aiactosidase gem {Don et aL, st/p/a.) or a mutated green fluorescence protein (GFP) gene (Heim at aL, 
Afete/a 373363-664, 19951 into the multiple cloning she (MCS) of the vector using standard protocols. Since the 
homopurine AG insert in the pPNAI-CMV pbsmid consisted of 80 nucleotides (two 40 bass pair repeats), and each 
PNA clamp was predicted to hybridize aJong 8 bases, there were 10 theoretical PNA binding sites per plasmid. 

Exfinpl+ 2 
Assays to monitor PNA DNA hybridization 

The rrybridization conditions were based on previously pubfished results (Bentin et aL, Biochemistry 35:8863- 
8859, 1996; Eghobn et at MtsMe Adds Res. 23217222, 19951 Plasroid DNA (1.5 |ig) in 20 //I was mixed with 
1-50 ng of the Rhodanwte-labeled PNA (Rh-PNA) ai TAE buffer and incubated for 2 hours at 37°C. Then, samples 
were loaded on Vk TAE agarose gel in the absence of ethtdium bromide. Rh-PNA/ONA or fluorescein-PNA/DNA was 
vtsuaized and photographed under UV ight FoHowing vtsuaizatJon under etJudiurn bromkte-free conditions, the gel 
was stained with etrtidium bromide to locate total plasmid DNA and visualize its integrity. Photographs were 
scanned using a SirerScarmer 111 (LACIE) flat bed scanner 

The hybridization reaction with both plasmids was monitored by gel electrophoresis. Increasing quantities 
of PNA were used to de ter mi n e the point of saturation on the plasmid. Saturation occurred at 8 moles of PNA per 
mole of plasmid DNA, which is dose to the predicted 10 theoretical PNA binding sites per plasmid. Below 8 mole 
PNA/moie plasmid, there was no evidence of unasseciated PNA running at the top of the gel Above 8 mole 
PN A/mole plasmid, fluorescent PNA could be detected near the top of the geL This suggested that the PNA binding 
site was capable of sequestering all of the available PNA our of the solution, as long as the ratio of added PNA to 
DNA was less than or equal to 8 mole PNA per mole of plasmid. Therefore, under these conditions, there was no 
need to remove unbound PNA from the PNA-DNA hybrid. 

Example 3 
Stabfttv of PNA-ONA-PNA triolei 

The stabftty of the PNA/DNA triplex has been previously characterized in terms of its melting point, but 
its stabftty under physiological conditions was not descried, bi order to evaluate the stabftty of the PNA-DNA-fNA 
triplex hybrid, various compounds were added to the preformed triplex and the mixtures were incubated for at least 
3 more hours at 37°C. When the Rh-PNA-plasmid hybrid was incubated with a 100 fold molar excess of the 
phosjmorothioata oigodeoxyimclectide (ODN; Senosys Biotechnologies, mtu. The Woodlands, TX> containing the PNA 
binding site (5**CCCCTTG6TA6AGA6AGA6A*3'; SEQ ID NO: 4), Rh-PNA was not displaced from the plasmid. When 
a control plasmid (without the PNA binding site) was incubated with the Rh-PNA and a 100 fold molar excess of 
ODN was subsequently added, Rh-PNA could be seen associated with the ODN. These results showed that the 
PNA/DNA triplex, once formed, was not freely reversible. 

In order to further assess the stability of the PNA/DNA hybrid damp, a fluorescence resonance energy 
transfer (FRET) assay was developed which could monitor binding of the PNA to its DNA binding site as described 
in Example 4. 



WO 99/13719 PCT/US98/19S03 

•14- 

Exampte 4 

Fluorescence resonance enemy transfer (FRET) assay 
FRET has been previously used to monitor the formation and dissociation of fcpopiexes, the hybridization of 
comphmentary ODNs and the formation of triple he&ces Ceiphati et ai, Pruc. Natl Acad. Sci U£Jl. 93:11493- 
11498. 1996;Sixouetal, Natl Adds m. 126B2SBB, 1994; Mergny et Biochemistry 33:1 5321 -15328, 1994). 
The FRET signal is based on energy transfer between a fluorescent donor (F-ODN) and a fluorescent acceptor (Rh- 
PNA) and ft is characterized by quenching (Q) of the fluorescein emission. 

The ODN eras either labeled wrtb fluorescein (F-ODN) at its 3'-end or left unlabeled. Fluorescence 
measairements were peHormed and fluorescein fluorescence quenching (0) was calculated as deserted (Siiou et aL, 
upraX Unlabeled or F-ODN were mixed with unlabeled or Rh-PNA in hybridization buffer (100 mM NaCt, 10 mM 
Nasmosphate, 1 mM EDTA, pH 7 JO) as described (Egbotn et ai, Natuns 365:566-558, 1993). After 2 hours of 
incubation at 37° C, various compounds (See Fig. 4) were added to the preformed triplex and the mixtures were 
incubated for at teast 3 more hours at 37°C. Emission spectra were recorded between 500 and 600 nm with >tei 
- 470 ran. Fluorescence was measured with a SPEX 1680 spectrofluorometer (Spex Industries, Edison, NJl 

The donor alone (F-ODN) incubated with unlabeled PNA, as wel as the acceptor alone (Rh-PNA) incubated 
with the indabsled donor, showed no significant changes m the emission spectra, m contrast when F-ODN and Rh- 
PNA were mixed, the fluorescein emission was specrrkaHy quenched (Q - 75-80%; Fig. 41 Maximum fluorescence 
Quwrdung occurred at the expected stoichiometry of 1 PNA clamp per ODN bmding she. When a different F-ODN 
was used that did net contain the PNA ending sequence, tht;j was no significant fluorescein quenching. These 
results estabfabed that the FRET assay could be used to monitor the PNA to ODN hybridization reaction. 

The stabity of the preformed Rb-PNA/F-ODN hybrid in the presence of a large excess of various agents 
was determined by measuring the change in fluorescein quenching (0) after incubation for 3 hours at 37°C (Fig. SI 
None of the compounds tested were able to dissociate the triplex formed between F-ODN and Rh-PNA, as measured 
by the FRET assay (Table U Charged and neutral apids, plasmid DNA containing the PNA bmding sites, tRNA. 
dATP, porypjutamic acid, BSA, dextran and heparin sulfate, spermine, spermidine end poryiysme added in very targe 
molar excess old not fhntaharm the PNA triplex clamp. In fact, onty a very strong safene/detergent treatment at 
elevated temperature was able to reverse the association (Fig. 5; Table 1). Thus, the PNA/DNA triplex b very stable 
in the presence of synthetic or cefcnar compounds and even a c omp etit ive excess of DNA or ODN was not able to 
tnssociate the triplex damp from its bmding site. 
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TaWe 1 

Effect of various htomotecutes on PNA/ODN stabfttv 
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72 
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68.6 


13.7 
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lOOOiw) 


70 


11 
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lOOOfrn) 


74 


7 


NaCUSDS 




23 


70.8 



Since it has bean demonstrated that binding of PNA to duplex DNA can create an open D-toop of the 
opposite strand (Chemy et aU Proc NatL Acad. Sci USJl. 90:1667-1670, 1993; Abnarsson et aL, Proc. Natl Acad 
Sd 905542-9546, 1993), the nuclease sensitivity of the piasmtd might have been morfrfed by the presence 
of the PNA. Tins effect was previously shown for a hnearoed pkasmid (Demidov et at NucL Adds Res. 21:2103- 
2107, 19931 Thus, the nuclease sensitivity of the supercoited piasmid DNA with or without PNA was compared as 
described in Example 5. 



WO 99/13719 PCTYUS98/1 9503 

•16- 

Exaaple 5 

Nuclease senshhritv of piasmid DNA containing PNA probe 
PNA/DNA triplexes were prepared and analyzed as described in Example 1. Samples were then treated with 
1 unit of restriction emhmucleases, 10 units of SI nuclease or 0.1 units of DNase 1. For SI nuclease and DNase 
5 I assay, the reactions were stopped by adding 3 $A of 0.5 M EDTA, pH 8 and samples were rapidly frozen. 

m al nuclease digestion experiments conducted with restriction enzymes, S1 nucleases and DNase L no 
differences were observed in the kinetics or extent of digestion when PNA was bound to the supercoSed piasmid 
DNA. Thus, PNA binding did not after the nuclease sensitivity of supercoied piasmid DNA. 

Another criteria for en effective piasmid probe is that it should not affect the biological activity (level of 
10 reporter gene ex p re ss io n) of the piasmid. We therefore transfected several ceQ ines with the cationic bp ids 
DMRIE/DOPE in which the piasmid was either hybridized with the fluorescent PNA damp or left tmhybridized as 
described in the f otowtng example* 

Example 6 

fn vitro transf action assay 

IS The synthesis of the cationic ipid l^niirm/ristylQxyprapvl-3-dime ammonaim Dronnue 

(DMRIE), the DMRI&DOPE (1:1 molar ratio) Epid ftot/aposome preparation and transection were performed as 
reported (Feigner etaL,*/. Biol Cham. 2693550-2561, 1 994). Briefly, fluorescent ry-tebeted liposomes were prepared 
by incorporating 1 mole percent of 1 ,2-dioteoy^srHgr/cero-3-phosphati^ rhodamaie B 

sutfonyl) (N-Rh-PE) into the cationic fipid formulations. The fluorescent fipid was mixed in chloroform together with 

20 the other Spins in the formulation before producing the dried ipid fum. For the production of large rnuttlame&ar 
vestdes (MLVL the dried fipid fern was rehydrated by adding the appropriate vehicle (La, dtstffled water, 03% saint 
or 5% sorbitol/20 mM sodium acetate, pH 6 buffer) in order to obtain a fipid concentration of 1 mM4 mM The 
vials were vortexed continuously for two minutes at the highest setting using a foam platform attached to a Genie-2 
vortexer to produce the MLV. 

25 For fipoplex preparation, one volume of cationic liposomes were mixed with one volume of DNA. DNA and 

cationic fiposomes were mixed together at 0J> DMRIEfDNA molar ratio (mole or positive charge wjtrivatents of the 
cationic lipids per negative charge equivalent or mole of DNA phosphate) and used within 2 hours after mixing. 

B16F10 (mouse melanoma, ATCC CRL 6322), CV-1 (African Green monkey kidney, ATCC CCL 70) and COS- 
7 (African Green monkey SV40 transformed kidney) were grown in DMEM containing 10% fetal bovine serum and 

30 amniotics. These cobs were transfected by fipoplexes (VR1062 piasmid DNA ctxnptexed to DMRILDOPE cationic 
fiposomes) in 9B-weB plates in OptnMEM™ media (G1BC0 Life Technologies, Inc.). VR1062 piasmid was constructed 
by doning a ^alactosktase gene into the VR1060 vector (Don et aL, Gene Thar. 4:648-663, 1997). 

The ^gatectosidase assay » performed as foftows. Because 0-galactosidase is not a secreted protein, the 
culture media was aspirated post-transfection, the transfected cefts were lysed with 50 j/f fysh buffer (250 mM Tris, 

35 pH 8J), 0.1% Triton X-100), then subjected to one freeze/thaw cycle (freeze at -70°C and thaw at room 
temperature). Whie the cabs were being lysed, a 0-galactosiriase (£ coS from Sigma) standard curve was prepared 
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in a fresh 96-wal U-bottom plate with 5% BSA in PBS (w/v)l Once the plate of lysed ceib was completely thswtdl 
a 50 fA aliquot of each point on the standard curve was transferred to control wels of the plate • the' highest 
amount of ^galattosidase b 40,000 pg. The color is obtained by the addition of 150 /A of 1 mg/ml of Chtorophanot 
red-/?*D-galaetopyranoside (CPR6, Boehmger Mannheim) dissolved in /?-gal buffer (1 mM MgCI> 10 mM KCl 5D mM 
5 ^-mercaptoethanol 60 mM NajHPO* pH 8.0). The reaction is allowed to titubate at room temperature for 10 
minutes to 4 hours* depending on the cell type, and the absorbance readings are taken at 580 run usirg the Vmax 
Mieroptate Reader. 

to all eel inas examined (CV-1, B16F10, COS 7), the level of reporter gene expression (VR 1062; 0- 
galactostdase) was the same regardless of whether the PNA was associated with the plasmid. The results for 
10 4 PNA1-CMV-£gal with and without bound PNA is shown in Fig, 6. Furthermore, the expression of a second plasmid 
encoding 6FP was not affected by PNA binding. Thus, PNA binding does not affect biological activity of the plasmid. 

To dete r mi n e whether fluorescent PNA hybridized to en ofegonucteottde would affect intracellular trafficking 
of the okgomicteotide, the folowing experiment was performed. 

15 Enoeli? 

Intracellular localization of ODN. ODN/PNA and finals 
F-ODN (0.5 pg) atone or hybridized to Rh-PNA and then completed to catkmic liposomes compriMig 
DMRIEDOPE were incubated in serum free medium on DM cefis grown on coversfps. After 3 hours at 37*C, 
medium containing 10% FBS was added, and cefis were washed 3 tines with phosphate buffered safne (PBS) and 

20 mounted on banging drop sides (Fisher Scientific) with PBS. Cefb were immediately examined with an upright 
fluorescent microscope (Nikon, Optiphot) equipped with a 60X ofl immersion objective and 3 CCD camera video, 
system (Carl Zeiss) Images were captured by using the Kontron KS-400 image analysis software (Kontron BelrtroauU 
When CV-1 eels were incubated with naked Rh-PNA labeled plasmtd (L&, in the absence of catkmic fpid, 
only a low level of punctata cytoplasmic fluorescence was observed and no nuclear localized fluorescence was seen. 

25 When catkmic Spies were used to defiver the fluorescent plasmid. a greatly increased amount of fluorescence was 
associated with the eels, but none was present in the nuclei after 3 hours of incubation. The detection of Rh-PNA 
labeled plasmid m the nucleus was observed only after an overnight incubation (16-24 hours). Them was a marked 
dif fe m nce m the extent and kinetics of nuclear uptake between ODN which showed considerable nuclear uptake 
within 3 hours posttransf action and plasmid DNA. Based on previously pubfished results; eel division does not 

30 appear to be required for intracellular ODN delivery, since ODN enter the nucleus very rapidly and nuclear 
accumulation of ODN is a temperature- and energy-independent process (Chin et at NbwBjoL 2:1091-1100, 1991; 
leonetti et aU Proc NatL Acad. ScL USA. 882702-2706, 19911 in contrast nuclear uptake of plasmid DNA 
reflated overnight incubation, suggesting that cell division may be required. 

Since nuclear accumulation of the fluorescent PNA label was seen only after an overnight incubation, it was 

35 particularly important to determine whether the observed fluorescent signal was derived from the intact plasmtd or 



WO 99/13719 PCT7US98/19503 

-18- 

from degraded ONA fragments To address this question* piasmid degradation in transfer ted CV-1 cefis was followed 
as a function of time on the DNA extracted from these transfected eels as described in the following example 

Example 8 

5 integrity of transfected PNA4abeted otasmid DNA 

CV-1 cefis (2 x 10 s cefis) plated in B-wefl plates were transfected with 5 //g DNA per weS and complexed 
to DMRIEDOPE as previously described (Feigner et al, J, BioL Chsm. 269:2550-2561, 1996). After various 
incubation times, culture medium was removed, cefis were washed twice with PBS and treated at room temperature 
for 15 minutes with PBS/dextran sulfate buffer (1 mg/mi) to remove extracellular cationic bpid/DNA complexes. After 

10 two washes, cefis were trypsnrized, centrifuged and h/sed. DNA extraction and Southern blotting were performed 
according to standard procedures. The DI6 non-radioactive nucleic labeling and detection system (Boehringer 
Marameira) were used as deserted by the manufacturer. Blank piasmid DNA, without ths coding sequence, was used 
as a probe and labelled by random prsning with the DIB kfL 

When cats were transfected at 4°C, considerable uptake onto ths ceO surface occurred, but no intracetular 

15 entry of Eposomes or DNA occurred. CeB surface associated piasmid DNA could be recovered from cefis that were 
transfected and incubated at 4°C. Cel surface associated DNA could be removed by washing the transfected cefis 
with the dextran sutfatejPBS buffer. Southern blot analysts showed that most of the intracellular plasmtd DNA 
defivered by the cationic bpid DMRIE was stffl intact even 48 hours after transection. After 24 hours, the amount 
of htraceflutar piasmid recovered was estimated to be 3-5% of the total input DNA which represents an average of 

20 30,000*50,000 copies of plasrrad/ceL When the blot was exposed for a longer time period, a smaB amount (<2% 
of the total piasmid) of degraded piasmid could be detected as smaller fragments running as a smear ahead of the 
supercofied band. These results strongly suggest that most of the fluorescence observed in cefis corresponds to 
intact DNA. 

The unity of the PNA probe for following the biodtstrfrution of double stranded DNA was examined. As 
25 observed for single stranded DNA, the presence of PNA on ODN duplex did not modify the intraceBular tocafization 
or kinetics of cationic ipid mediated duplex ODN delivery. Duplex ODN defivered by cationic lipids were also taken 
up by the nudei, and the PNA did not modify the intracetular tocafization of either the duplex ODN or the hpids. 
Moreover, whether the fkiorophore was inked to the PNA or to the ODN the intracellular trafficking was the same. 
These results with duplex DNA and those described above for single stranded DNA support the use of the PNA probe 
30 for following bwdistiiwilion of fkiorescent-PNA labeled duplex piasmid in viable cefis. 

The imracefcifer tocafization of piasmid DNA using the faiorescent-PNA probe was monitored as described 
in Example 9. 

Intracellular tocafization of otasmid DNA 
35 The use of GFP has been shown to be a useful and rapid method for rmmhoring gene transfer in viable 

cefis. Two plasmids were used in this study, VR1Q60 as deserted in Example 1 and VR1461 piasmid was derived 
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by dotting a mutated 6FP gene (Heim et aL. Naturv 373:663-664, 1995) into the VR1060 vector. Cels were treated 
as deserted in Example 7. When CV-1 cefis ware incubated with naked Rh-PNA labeled piasmid (Le. in the absence 
of catiordc Nptd), only punctate cytoplasmic fluorescence was observed, and no nuclear localized DNA was observed. 
Comptexation with cationic fposomes greatly increased the uptake of fluorescent piasmid as seen by the higher 
fluorescence intensity per field. However, in contrast to what was observed with ODN, no piasmid was present in 
ceO nuclei after 3 hours of incubation. The detection of nuclear Rh-PNA labeled piasmid was observed only after an 
overnight ncubation (from 16 to 24 hours). Co-Jocafization of %nd and DNA was apparent on the eel surface and 
in intracellular punctate structures, but ipids were never observed in the nuclei 

In order to confirm that fluorescent, piasmid localized ii the ceQ nuclei was biolo nicety active and not 
degraded, Rh-PNA labeled piasmid encoding GFP was transfected into CV-1 cells. With this system piasmid debvery 
could be monitored by using a red filter, end protein expression could be independently monitored under a green fiter. 
The results showed that a8 eels e xpress i ng 6FP had fluorescent piasmid in the nucleus and no GFP was detected 
«i eels that tacked fejorescent nuclear piasmid. However, some cefls which contained nuclear fluorescent piasmid 
were negative for 6FP. m a previous report where FISH and ramuno etonisu y was used together to detect DNA and 
fts gene products in transfected eels (Gussoni, Nature BmtechnoL 14:1012-1015, 1996), it was also concluded that 
some eels could contain nuclear DNA while they were negative for gene expression. There are at least three 
posside explanations for this observation: 0 the DNA is inactivated or degraded in as small number of ceQs. fi) too 
many copies of nuclear piasmid leads to transcription factor competition and inhibition of expression, or i) piasmid 
just entering the nucleus has not yet had enough time to accum^ate a sufficient 6FP signal 

AO steps required to valdate the use of the fluorescent PNA damp as a probe to follow piasmid 
biodistriwtion have been characterized. The fluorescent piasmid is not significantly altered in terms of physical and 
biological properties, m contrast to DNA intercalating dyes, the PNA binding is sequence-specific and extremely stable 
under physiological conditions- The presence of PNA on single or double stranded nucleic acids does not modify their 
nuclear uptake. The majority of the mtracelular piasmid following cationic fptd mediated transfection remains 
conformati onal s intact and the intranuclear piasmid u biologically active. Fwiaty, all eels expressing 6FP also 
contain easdy detectable fhiorescent-DNA in their nuclei and the system is sensitive enough to show that al ceQs 
lacking fluorescent piasmid are also GFP negative. 

The use of the fluorescent PNA and 6FP as a means of foQowtno piasmid distribution and expression, has 
advantages over approaches which otftze FISH and irnrnuimchemistry. FISH requires the tissue to be fixed, sectioned 
and permeabized, and it h restricted by parameters such as probe sizes, tissue section thickness and fixation 
methods (Gussoni Nature BiotedmoL 14:1012-1015, 1996). The fluorescent PNA can be used in viable eels in real- 
time to identify the elements in the cytoplasmic network that restrict nuclear entry. (Dowty et aL, Proc Natl Acad. 
ScL USA. 92:4572-4576, 1995). The amount of fluorescent piasmid in the various irrtracelular compartments of 
the eel can also be quantified by using image analysis software. 

Because of fts versatffity, convenience and rapid detection, f kiorescent-PNA labeled piasmid is a powerful 
tool to study factors affecting piasmid biodistramtkm. The combined use of GFP and fluorescent PNA wil provide 
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a better understanding of the factors that influence the potency of non-viral gene deivery systems for human gene 
therapy applications. 

Example 10 

5 AnaMical ouafctv control assays for production of PNA-bbeted olasmids 

The present invention includes novel research reagents compmarg PNA conjugates irreverskly hybridized 
to piasmid DNA. To ensure that the ndhriduab who purchase these reagents receive a reproduc&te product 
quantitative analytical assays indicative of activity and stabity of the product are performed as described below. 
Pi epilation of a fluorescent PNA-DNA hybrid-The initial PNADNA hybridization conditions are 50 /jg 
10 of piasmid DNA (15 pmoles} miied with fluorescent-labeled PNA (8 fold molar excess - 120 pmoles) in a total of 
100 fA of various buffers and incubated for 2 hours at 37°C. These initial conditions may be routinely optimized 
with respect to buffer con yos irjon Gone strength and pH), ONA and PNA concentrations, incubation time and 
temperature. 

Agarose §eJ electrophoresis-Agarose gel electrophoresis b used to monitor piasmid integrity, conformation 

15 changes, agg re ga t io n and product losses which may occur during storage of the PNA labeled piasmid. Freshly 
prepared, frozen, or stored piasmid DNA labeled with a fluorescent PNA probe Qpg) * enaryzed on a 1% agarose 
gel in TAE buffer, fluorescent PNA-DNA is vbuafized and photographed under UV light The gel is subsequently 
stained with ethidann bromide to vbua&ze total DNA and photographed under UV bght Photographs are scanned 
using a SahrerScarmer III (LACIE) flat bed scanner. 

20 Optical density and fluorescence intensity :^easiimnents-An afiquot of the PNA-plasmid hybrid, 

manufactured and stored under different conditions, are taken to determine the total quantity of DNA recovered and 
the total quantity of fluorescent PNA recovered. Measurements at an optical density (OD) of 260 nm are taken with 
a Shimadzu spectrophotometer Mode) UV-1601. Fluorescence is measured with a BuoroMai 2 spectrofluorometer 
6PEX instrumental Acceptable rnanufactitring conditions result in good recovery of total DNA based on the optical 

25 density nwasufements, and PNA based on the total fluorescence signal 

to \ritn tremfe cti e n activity-/? vitro transfection assays are used to determine the biologcal activity of 
the fluorescent PNA labeled plasrntds after storage essentiafty as deserted in Example 6. Serial dilutions of the 
DMRIE-ONA ipoplBxes are performed as foBows: OptiMEM 111 (75 /d) is placed in each weft of an empty 95-wefi 
plate, then 75 pi of the kpoplezes are transferred to the first wel of each row and two fold ddutions are performed 

30 from column 1 to 12. Next 75 pi of OptiMBrf™ is dispensed into each weH and 100 fA of thb mixture b 
transferred to the wets of a 86-weO plate containing eels. 

For t ransfecti on conducted with ptasmids encoding beat stable secreted alkaline phosphatase (SEAP), aacafane 
phosphatase assays are done as f olows. Supernatants from transf ected ceus are heated at 65°C for 30 minutes 
to inactivate background endogenous eUtahne phosphatase activity without inactivating the SEAP transgene. Forty* 

35 eight hours post-transfection, aiquots of the culture media are taken and the SEAP activity b quantitatively 
determined using a coformtric assay based on hydroh/sb of the chromogenic substrate para-rntrophenyl phosphate 
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(PNPPK PNPP reagent (0.1% w/v) b dissolved in 1 mM MgCI,. 1 M owtlwioiairene, pH 9.8. Into each well of a 
86-wel plate, 10 $A of 0LO5 Zwittergent in PBS (Ca J * and Mo 2 * free, 6IBC0) is added. followed by addition of 20 
fA heated ceB culture media to each wet For control wets, 20 tA water b used to normafae the volume. An 
aJkaEne phosphatase (AP) standard (EIA grade calf intestine AP; Boehringer Mannheim) b used to generate a standard 
curve from 1 to 100 pg per wefl. The PNPP substrate (200 j/ft is added to each well to start the enzymatic 
reaction. The reaction b avowed to stand at room temperature for 3045 minutes prior to analysis. The use of 
0.05% Zwittergent in PBS as the diuent virtually reduces the background to zero, which increases to detection emit 
of the assay. The plates are read with a Vmax MbroPtate reader from Molecular Devices (Palo Alto, CA) with the 
wavelength set at 405 nm using either kinetic or static readings. For plasmtds encoding /7-gaiactosidase, the assay 
is run as described in Example 6. For plasmids encoding ktctferase and cMoraniphanicol acetyttransf erase (CATl 
bictf erase and CAT assays are performed as deserted (Wheeler et aL. Proc Natl Acad. ScL t/.SJi. 93:1 1454-1 1459, 
1996). 

Fluo resce nt microscopy stnates-The intracellular trafficking of freshly prepared fluorescent plasmid b 
compared with a plasmid retained for different amounts of time under different storage conditions as described in 
Example 7. 

Example 11 

Effect of storage conditions on fluorescent PWA labeled ntasrrtids 
The fluorescent PNAJDNA prepared es deserted hereinabove b stored at -70°C, -20°C, room temperature, 
and at 2-8°C in various buffers, or ry ophfeed. DNA preparations are stored in 100 jjg/ml 500 //gmd and 1 rngjrol 
m 1Q0 p\ afquots. The vehicles used are water, 50% glycerol, 10% sucrose, 5% sorbitol TAE, T£ PBS, sodium 
phosphate, HEPES-b uttered sakne and Tris-NaCI buffer. Biological activity b deterrnined based on m vitro transf ectkm 
assays and fluorescence introscopy. Stabity studies ere conducted acconhng to the following matrix (Table 21 
f okowing the stabiraes as a function of the amount of time in storage. 



Table 2 
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Folowing idenuTicjliui of manufacturing conditions leading to a product with — tijUtlrte shelf fife, an inventory of 
piasnvd products b generated. Repie&eniative examples of such products are shown in Table 3. It b not nronaiy to offw 
the fluorescein labeM 6FP construct since fluorescein and 6FP fluoresce with essentially the same color. These products ere 
placed in 25 pg end 100 pg unrt vials, thesa quantities are sufficient to conduct in vrtnt transaction assays and a? «m> 
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The exernptes described ebove retro to PNA probes labeled with ftoerophores. The exernptes presented below 
10 describe tcnjunatHm of peptides to PNA end the use of these conjugates, b) en e i tema t w o embodment peptides ere linked 
fSrectty to PNA by the c o m merc ia l suppfiw, end these PNAs carrying the peptide motif ere hybridced directly to the plasmid 
containing the PNA tending site. 

Exampte 12 
Goupfam of peptides to PNA 

15 Heterobmjnctbnai conjugation reagents such as SPDP QN-socctnendyl 3Ci)yridyidhWprppionatB) and SMCC 

tsucaneredyl 4 (N ineeeenwliMieilliytl cytkbexnt-1 -carbaxylate) contain two different reecthre hjnttionaJ groups. SPDP end 
SMCC are obtained from Pierce (Rockford. HI The chemical targets of these reagents are the entne-reactrve end of the 
glycine en the PNA (5*) and the sum^yo^ykeaxthre end of e cysteine present on the peptide. The coupling reaction resorts 
in a direct cross-ink between the PNA end the peptides. Two epproaches ere contemplated for pepttie conjugation: 

20 n ifi< Gfimi« i of the arnino PNA after its hybndaatton to DNA. or peptide conjugation to PNA followed by hybridization of the 
conjugate to the plasnad. In a preferred wi ej odenen t a phirekty of 8»<n^3,6-03 oie o ctan o i c add ankers, preferably 2 or 3, 
ts added tothe5*endofthePNAto increase coupling efficiency. 

STOP-TOO activated NHS ester end of the SPDP reagent reacts with the amino groups (5* end glycine) on PNA to 
form en enede unkage. The 2- p yi u iyMi thi o l group at the other end reacts with the sufflrydryl residue to form i dfeuHhte 

25 bnkage with the sorfm^ryl^wn^bimg peptide. To the PNA/DNA solution prepared in PBS, pH 7 £ (PNA is already hybndbad 
to DNAL is added 10-20 molar excess of SPDP (20 mM stock solution in DMSD) over the amount of PNA present. After a 
1 boor m e diat io n at room tornpereture, the modified PNA/DNA is purified by gel filtration on a Sephedex G-50 column to 
remove AUTim crossknker and reaction fay^voducts. Fractions ere coQected end peak fi actions corrtoinrng the DNA era 
pooled. The SPDP-derhratized PllA/piasrntd hybrid is concentrated with a ne c r oco n tentrator or by tsopropanol precipftaDon. 

30 To dotal n urn the efficiency of the nvdrncetion, an akojuot of the SPDP-denvatizBd PNA/DNA is treated with 

drthiothraftol mi i; 25 mM for 30 minutes at room temperature) to release the pyridme-2*thione group. The release of 
pyridlne-2-thione is measured tp o iu up l mlo metr icatt y at 343 nm (6-B t 10* M'cnY 1 } to quantify the amount of sulfhydryl 
rrndiftcatian (PNA modified by SPDP). 

SMCC-Tee activated NHS ester end of the SMCC reagent reacts with pnrnary arnino groups (5* end glycine) on 

35 the PNA to form a stable amide bond. The rneeansde at the other end couples to the sulfhydryl residue of the peptide. 
The reaction of PNA with SMCC end peptide is shown schematically in fig. 7. 

To the PNA/DNA solution in 100 mM sodnan phosphate, 150 mM NaD, 1 mM EDTA pH 7.2 or PBS, pH 12 (PNA 
is already byt uidu o d to DNA), is added 40-80 fold molar excess of SMCC (20 mM stock solution in DMS0) over the eraount 
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of PNA pmmi After incubation ha 1 hour it room tempe rature with periodic mraiQ. tha nwlawitfe-eetivettd PNA/DNA is 
purified to remove the excess aossinker and reaction byproducts by get fflnanon on a Sephadmx 6-50 cohmn e**uDraied 
with 100 mM sooasn phosphate. 150 mM NaCi pH 72 or PBS, pH 72. Fractions an cobectad and the peak tractions 
containing the ONA are pooled. The SMCC-derivatized PNA/DNA is then concsntratad with a ni^oconcentrator or by 
5 isopropanot p ia c i p i tatin n. 

To detarnioa tha efficiency of the n w Sfic J tio a the amount of naiairnioVacthratad PNA/DNA b quantified by a 
fomtscarrine assay and by Bknan's reagent After counting the synthetic peptide to tha DNA/PNA via the 
tBtarabrfunaional croasanking agent ISMCC or SPOPL the ehrbon profile is monitored by either the disappearance of the 
fluorKcamne sanat or the coionnwtric reaction of dithiobtsritrobenzoic acid (Elman's reagent) with the free suffhydryt 
10 residues of the terminal cysteine on the peptide. 

feaapte 13 

Quantification of reduced sorfhydryts end wuiMj amino groups 
Coupled and free peptides are aeparatad by column cwometogrephy. Saphadn 6-50 a packed into a 0.7 i 15 
EcmCrtumn from OoRad {Hercutes, CA) and equkorated with PBS. pH 7.4. One tri fractions are coaected. A 10-50 
15 afiqoot of each objtad fraction is added to 1 ml of 5 mM EDTA in PBS. pH 7.4, foBowad by 100 $A of 1 mM Bknan's 

reagent Assotved in methanol Fractions containing free sulfhydryl residues, which produce a bright yetow color, are pooled 
and quantified by taking an atoor b a nce rearing at 412 nm using a BioSpec-1601 specuuu ho tu ii BtB f (Shinwhu, Cohenbia, 
MOL L-cystaine or glutathione is used to prepare the standard cures. 

The coupkng of the ananePNA to tha fjetsrobihnctional anker is quarrtified by reacting the priraary arnine on tha 
20 PNA with the fbiorogerec reagent fl u orescanane. Two mfflflrtan of assay buffer (sodnan borate, pH 9.2) is fWrvered into 
12x75 boi os ii c a tB glass test tubas. A solution of arnmoPNA t: be assayed with and without Inker is added to the borate 
buffer at a level of anine sufficient to give a signal-to^oise ratio of at toast 10. Rtiorascanane obtained from Aidrtch 
Chemical Co. (Muwaukee. Wi) is omened in acetone to a final concentration of 13 mM m a screw cap glass tube. Wale 
vortaxmg vigorously Mthout splashing! 200 fA of the flunrescarnine reagent is added to the arnmoPNA solutions to ensure 
25 complete rnrang. The samples are then transferred to 10 ml pofystyrene cuvettes and the fluorescanca is rneasured at room 
te mpe ratu re using the RueroMax ISPEX mstruments) with the ylex-392 nm and the >lem-480 nm. The sftts for both 
wavelengths are sat at 25 mm. The time based scan mode is used with the integration time of 5 seconds. A reading is 
taken afar the signal is stable (about 20 sad. A blanking solution is used to correct for background. Ptasnid DNA and 
tha bftuncnonaJ inkers alone do not react with fluorescarnne. 
30 Example 14 

Coupling of fluorescent peptides to the cortiuoeted PNA-ptasrrad hvbnd 
Several dffforent peptides co nt a aa ng a nuclear localization sequence, a fusogemc arrsifapathic p ep tide, or a 
ittuntw specific bgand sequence are obtained from Multipta Peptide Systems or Sigma. Each pe n tid e contains a cysteine at 
one and in order to react with the STOP or SMCC motftied-PNAA*)NA. bi soma cases, a fluorescent peptide is used to 
35 tbeew the conjugation reaction. 

To label pep tides with a fhiorophore, two Different amino raactiw fkuorophore derivatives are usedn fluorescent 
HotretKyaaata (HTC) and tatiwaithytitiodarnaie-^ (and 6Hsotfaocyanatfi (TRTTC) obtained from Molecular Probes U unction 
City, OR). These reagents react under alkaline conditions with primary amines in peptides to form stable, highly fluorescent 
derivatives. 
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A peptide solution in 100 mM sodium carbonate. pH 9, at • cm i f l Uati on of «t least 2 mg/ml is prepared. FTTC 
and TRfTC (1 rag/ml in DMSO) ere protected from tight and slowly added to the peptide solution {50 $A fluorophom/rrt 
peptide eohrtion}. After at feast B hours of incubation at 4*C in tha dart anwnonium chtonoa (50 mM) is added for two 
more hours to stop the reaction, finafly, the fluorescent peptide is punned by pel titration ISephaoei G-10) using PBS. 
5 The inelaeiitlB SMCC or SPDP-actnrated PNA/DNA is nixed with the surfhydryt.fh»rescem peptide in 100 mM 

sodium ph ospha te, 150 mM Nad (+ 1 mM EDTA for SPQPL pH 72 at the appropriate molar ratio. After an overnight 
incubation at room temper a t u re, tha final conjugate is isolated by get nitration using Sephader 6-50. Tha fluorescence 
intensity of the final product relative to e standard cum allows Quantification of the amount of peptide coupled to the 
DMA. 

10 In a preferred aiubudaiagit the SPOP approach, which leads to a duuttlde bond between PNA and peptide, ts used 

for peptides with f uso gen ic fendosornoh/ttc) or targeting function, Once the peptides have p erf uim ed their targeting or 
en do soma i escape functions, they are cleaved from the DNA by the mtraceuutar reducing environment bi contrast the 
SMCC method ts preferred for peptides contameig e nuclear localization soouenco b ec a u se the p epti de should reman 
attached to the DNA until ft is defeated to the nucleus. These rnethods can be used to screen venous unlsb etad peptides 

15 for then* abSty to enhance reporter gene ezprcssutn. 

E sample 15 
Peptide-PN AJDN A od ricctrcphoresis analysis 
This method ts used to determine H the coupling reaction of the pep tid es affects etsctrophorebc mobility and 
integrity of the DNA and also confirms the presence of the coupled peptides if the DNA migration is affected by conejpatron 
20 with the peptide which may depend on the overall charge of the peptide. Peptide-PNAJDNA is analyzed by electrophoresis 
on a 1% TAE agarose geL Fluorescent peptido-PNAJDNA is visualized under ethiduvn bromide-free conditions and 
pliologiaphed under UV fight DNA integrity b analyzed by etNdnjm bromide staining. 

Example 18 
Characterization of PWAfDNA landing 
25 The amount of peptide bound per plasnid is determined by etdepondentfy measunng the DNA and peptide 

careen Uouuus after the free p eptid e has been removed from the ptasnsd by gel hftrstion. The Quantity of DNA recovered Is 
determined by measuring the 0D 2ata ,. If the peptide contains a fluorescent label the amount of fluorescent peptide bound 
to the pJainid is deterrnmed using a standard curve of free fluorescent peptide. For peptides that do not contaoi a 
fluorescent tag, the fluuieuanane assay is used to oetemnme the amount of bound peptide. Purified plasnid without bound 
30 peptide does not give any background fluorescence cn the fluorescansne assay. These measurements ere used to dotormno 
the sUachiuuaUJ y of pephde-PNA bound to ptasnad DNA. 

Einnple 17 
Nuclear import assay 

Digitonin-periTMbfized ceils are a powerful system for studying the nuclear enport of proteins (Adam et at, J. £Se# 
35 BsoL 111:807-816, 19901 This m vrtrv system allows nuclear uptake of plasnid to be directly monitored. The rntrenudear 
up t ak e of plainads contaeang v a r iou s n ucl ear evaluation sequences is compared to ptasmds lacking the bound peptide. 

The nuclear enport assay is performed essentially according to Adam et at Uxava.1. Briefly, cells plated on 
CDversfips are pernsabiized for 5 nin with 40 /igkri cfigrtorin (Mc4ecuier Probes) in transport buffer It20 mM HEPES, pH 
7-3. 110 mM potassium phosphate, 5 mM sodium acetate, 2 mM magnesium acetate, OS mM E6TA, 2 mM DTT and 1 
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Mini each of aprotinm, pepstetin and bupeptin (Sigma)I. Covers&ps ere washed in transport buffar end inverted on a 100 

drop of compbte import mbrtura consbtng of tramport buffar plus &5 mil ATP. 02 mM GTP. 5 mM crmitme 
phosphate, 1 unit creatine kinase {Ca&iochem, San Diego, CAL 50% rabbit mkutocytF tysate Promega) and nuorescantry 
labeled DMA (with or without peptides). After various incubation ones at 37*C, cats are washed with transport buffer, 
find with 2% tornwldehyde for 30 minutes and mounted on sides in transport buffer centering 0.1% p&mrftmrntiMrim 
dftydfodowiua (Sigma). The nudei are stained with OAPt or Hoechst 33258 dyes (Molecular Probes). Coversfcps ere 
mounted on sides and emiM e al with an upright fluorescent microscope (Nikon, Ecbpse E600) equipped with GOX oii 
■umiuNi objective and a 3 CCD camera video system (Optronics). Images are captured using the surge- Pro Phis image 
analysts software (Media Cybernetics). As a control, fluorescent protein ©SA, dextran, auophycocyanin or strepuvidm) 
coupied or not to nuclear localization peptides ere used. The affect of some inhibitors of nudear transport including wheat 
germ agpjutein, temperature, energy deptation, antibody against nudear pore cornptai and N amyhiialaiiieoo treatment, are 
also tested using thb protocol. 

Eiaraplo 18 

DNA stabTrtv deteminatiuii 

DMA present in the import buffer after the nudear import essay b extracted with pfienol/cMoroforrnftsoanryl 
alcohol precipitated with isopropand and washed with 70% ethanoL The DNA oteorved in water b analyzed on a 1% 
agarose get Cel fractionation usoUtion of nudei and cytoplasm) (Dingman et at. Nodek Adds ties. 11:1475-1489. 1983) 
and em action of paplide-PNAfDNA conjugates are performed according to standard procedures (Sambrook et aU jfteVrnfer 
Ckxano: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cord spring Harbor, NY! The stability of the DMA b 
analyzed by Southern blot with the DIG imraftoactive nudetc acid labetino and d ete ct io n system. 

Example 19 
Merofaonfe destahflmUon essay 

TNs m vitro system using a fhtorophore encapsulated in liposomes allows the analysis of the activity of the 
fusogenic or rnernb ia ne lytic peptides bound to the DNA. This assay b used to oetemtne the quantity of coupled peptide 
required to ryse or to induce leakage of liposomes and to detemine whether thb activity b retained efter binding the 
peptide to the piasmid. to ctio n aaty of several different peptides c on tainin g the fysts or fusogenic sequences and coupled 
to the DNA are analyzed. Thb leakage assay b a powerful system for stiMfying the ability of peptides to fuse with 
n^rnbranes or to form pores in fipid biJayers (Wyman et aL Bk xh o nsoy 383008-3017, 1897; Parente et aU BJochomtry 
2*87134719, 1990). 

Reversa phase evaporation vesides Orposoraesi are prepared according to Szoka et at {Proc NatL dead, Scl 
USA. 75*1944198. 16781 Ptosprioiipids (POPC: 1i>atnitoyl2<oleoyl^ and POP6: 1*ametoy1- 

2<dem/Mttiphatah^yierol) are obtained from Avanti Polar lipids (B iu n ingliam ALi The fluorophores n eminoni ^ i th eaji w 
1Z3-tnsufforic acid (ANTS) and /vxyieriet»s(pyri&i»^ bromde (DPX) are obtained from Molecular Probes. Liposomes are 
made in 5 mM TES. 125 mM ANTS. 45 mM DPX and 20 mM ICO. pH 7.0. and extruded with en extruder Oipoaofast 
Avestin, Ottawa, Canada) tfirough a 200 nra poiytarbonate rnembrane. Nonencapsulated materials are removed by get 
fetation (Sephadex 6-751 with 5 mM TES and 100 mM KCt pH 7 J). 

The ANTS/DPX assay b used to monitor peptidemduced leakage of encapsulated ANTS from liposomes. Thb 
«ay b performed accordmg to Wyman et aL Istava). Briefly, the fluorescence signal resulting from the queridvng of 
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ANTS roamed into the rrndkm a measured with a iuetuuf)uoiu»gier (SPEX flucroJogl Toe excitation is sat an 360 nm 
and the emission at 435 nra. Fluorescence intensity from intact liposomes IF J b sat to 0% leakage and 100% leakage 
(F IPD ) obtained from cornptete lysis of the vasdas with C12£8 detergent (Caloiochemi. The leakege aatant of ANTS due to 
the peptides is u e len ano d using the following formula: % leakage - (F-FJrtF^-FJ, in which F l oui osants the fluorescence 
5 intensity measured with the pep t id e . 

Example 20 

Ruoratttnce activated eel sortino fFACSI anatvta 
FACS is used to doted fluorescent molecules deliver ad aito cans or bound to the eel surface. This method is 
used to determine the specificity and functional activity of the coup led pep t id e that is recogrxzod by e specific cell surface 
10 receptor. The specificity of landing is monitored using different cefl ones and free peptides in standard competition assays. 
Analysis of eel surface bound peptides is pa fumed according to Suzuki at aL (fipx £ef Aer 193:112-119, 1991). Briefly, 
2 x 10* cans am incubated with fluorescent peptidfrfNA/DNA corrugate for 30 nan at 4*C. Ceus are washed extensively 
with cold PBS, fixed with 2% forroaWehyde and analyzed by flow cytometry. 

Example 21 

15 BiolooHSOl activity and fluorescence necroscopy 

in Jtitn transfecnon of peptido-PNA/DNA conjugate mediated by kpo taction (cationic lipids) on several different cat 
ones (CV-1, B16 and MHJ3T3) is pafformed as druiiued in Example 6. The level of reporter gene expression achieved with 
the peptide PNAJDNA conjugate is compared to those obtained with the uncoupled DNA. The eiumdhiar traffickng of 
Audi ascent peptido-PNAJDNA ronjiejato tests the benefits of the uajsaed peptide on the level of DNA del vend and 
20 expressed in eving cess and on the extracellular distribution (nuclear uptake) of pla sn ad DNA. 

Exasnple 22 

AcliwAbon of tiensciajbon usew PNA-oeotide complexes 
Cytomegalovirus (CMV) enmodiate earfy QE) promote! /enhancer is consid er ed one of the strongest promoters active 
in a broad range of mammaDa n cabs and tissues (Hartikka at at, Haaao Bern Tber. 7:1205-1217, 1996} due to e 
25 conijiBiaeisiea array of enhancer elements keeled in a GOO base pair region upstream from its mnimo! promoter. fig. 8 
ilustretes the PNA approach for doKvery of transcription activation domaeis to the nucleus of tiansf acted ceus. These 
pe p tide s are inked to a ptasnad via PNA to eitroduce artificial activators of transcription deadly onto the piasmkL 

A CMV IE prornoter-based ptasmid b constructed which has PNA binding sites in place of the CMV IE enhancer 
using methods weft known in the art. Too Uamxiipti o n activity of this plasnad lacking the enhancer region is known to be 
30 very low pes* than 3% of inaximal expression), because it has only a mwvmal promoter and no ability to bind endogenous 
apecHic UomuipUun factors (6ossen at aL /roc HstL Acsd Sd USJL 195547-5551, 19921 Peptides known to neve 
specific transcription a c tuating activity, such as the 437447 amino acid peptide from herpes simplex virus VP 16 (Saipel el 
aL sao/a.) are coupled to PNA using the method described in Example 12. The PNA-peptide coruugats is then hybridized to 
the piasnad as described in Example 2. In thb way, a piasnid preparation is generated in which each plesmid molecule is 
35 capable of ectivatmg Ua iis ui u li un regerdtess of the level of endogenous tronscription factors. 

Cenatrectien ef ptanxmlA DNA fragment of about 130 base pairs is generated by PCR using the primers 5'- 
66ATCCSCAAATB66C66TA-T (SEQ ID N05) and 5*-C66CCGC66A6GCTG6A-3* (SEQ ID ND$) and a human CMV IE 
promoter-based ptasmid (Hartikka at aL sopra\ The resulting PCR fr a gme nt contains the basic nanmel promoter region 
from -63 to ♦ 70 bp flanked by Ecofll and Sad! restriction sites. The enhencer region 1-63 bp to -680) of the CMV K gene 
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promoter ts then removed by cutting with Usd and Sad! and replaced with the junaml promoter plus 6 PNA binding srtas 
by igitmg with EceRUSadKcut above PCR fragment and an EcoRtait oogonudaotide having tht sequence: 
yAmCTCT C TCTCTC lC I C T t l C I C I C ICI C TCTnrnrrCTCTCT C ICB6ATCCAS>y (S£Q ID N0:7l A futy functwal 
ptssrrid with high tmscriptional activation potency is generated by hybridizing a dwneric rnotecuJs containing the PNA 
5 damp covaantty Mad to a aukaryotic tracucnptkvi a c tiv a tion domain to the PNA on tha plasrnid. The transcription 

acti v a t ion peptide a evaajatad by uem l eUaiu cefis with tha pUsmid deserted above and shown in Fig. 8 having various 
bound PMA-paptidi activators and cornpahng expressed reporter gene activity to*, ^aiactosidase) with the results from 
tiansteclio n using a regular CMV 1£ prarr»»hwriencer-based piasnad (e^, pPNAI-Uc 0. 

Whie parauter a mfaoua na nts of the invention have been d wciibttU in detail it win be apparent to those sailed in 
10 the art that these a mbufeienU are exemplary rather than toting, and the true scope of the irrvamion is that defined in the 
fori owing ctoans. 
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WHAT IS CLAMED IS: 

1. A method for determining the biodistribution of an exogenous transfected nucleic acid molecule 
in a ceQ, comprising the steps oh 

contacting said exogenous nucleic acid molecule with a conjugated peptide nucleic acid (PNA) 
in a saqume-spacrfic maimer prior to transfection; 

transfecting said eel with said conjugated PNA; and 
monitoring the iiiuacduiar location of said nucleic acid molecule. 

2. The method of Claim 1, wherein said nucleic acid molecule is DNA or RNA. 

3. The method of Clain 2. wherein said DNA b inear double stranded DNA, inear single stranded 
DNA, areolar doubte stranded DNA or drcuiar single stranded DNA. 

4. The method of Claim 2, wherein said DNA molecule h a piasmkL 

5. The method of Claim 1, wherein said PNA is conjugated to a fluorescent colorimetric, 
radioactive or enzymatic label 

6. The method of Claim 1. wherein said transfecting step b mediated by cationic ipids. 

7. A method for enhancing the de&very of an exogenous transfected nucleic acid molecule into 
the nuclear compartment of a eel* comprising the step of hybridizing said exogenous nucleic acid molecule to a 
PNA conjugated to a nuclear locaization signal peptide prior to transf ectton. 

8. The method of Clain 7, wherein said nucleic acid molecule is DNA or RNA. 

9. The method of Clain 8, wherein said DNA is anear double stranded DNA, linear single stranded 
DNA, circular double stranded DNA or orcuiar single stranded DNA. 

10. The method of Claim 8, wherein said DNA molecule is a piasmid. 

11. The method of Clain 7, wherein said transfection b mediated by cationic ipids. 

12. The method of Claim 7, wherein said nuclear locaization signal peptide b selected from the 
group consisting of pory-L-h/sina, SV40 NIS, antennapedia peptide, TAT peptide, c-myc peptide, VirD2 peptide, 
nu cl eopl as m ^ peptide, ARNT derived peptide and M9 domain peptide. 

13. A method for promoting transcription of exogenous transfected DNA in a ceO, comprising the 
step of hybridizing said exogenous DNA to a PNA conjugated to a transcription activator domain peptide prior to 



14. The method of Claim 13, wherein said DNA b inear double stranded DNA, linear single 
stranded DNA, circular double stranded DNA or crater single stranded DNA. 

15. The method of Claim 13, wherein said DNA b a pJasmid. 

16. The method of Claim 13, wherein said transfection b mediated by cationic Ipids. 

17. The method of Claim 13, wherein said transc rip tio n activator domain peptide b selected from 
the group consisting of VP1 6^(337-347)2, P65 (570.550), Oct-2 (143-1601 Spl (340-385), random acidic 

i and ERM (33-52). 
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18. A method for preventing entrapment of in exogenous transfected nucleic acid molecule in the 
endosomal compartmerrt of a cell comprising the step of hybridizing said exogenous nucleic acid molecule to a 
PNA conjugated to an endosomal lytic peptide prior to transection. 

19. The method of Claim IB, wherein said nucleic acid molecule is DNA or RNA. 

20. The method of Clain 19, wherein said ONA is linear double stranded ONA, linear single 
stranded DNA, circular double stranded ONA or circular single stranded DNA. 

21. The method of Claim 19, wherein said DNA is plasroid DNA. 

22. The method of Claim 18, wherein said transfection is mediated by cationic fipids. 

23. The method of Claim 18, wherein said endosomal lytic peptide is selected from the group 
consisting of HA derived peptide, GALA. KALA, EALA, melton-derived peptide, otafca! peptide and Alzheimer ft- 
amyloid peptide. 

24. A method for increasing the transfection efficiency of a transfected nucleic acid molecule in a 
eel, compr i si ng the step of hybridizing said exogenous nucleic acid molecule to a PNA conjugated to a receptor 
specific igand prior to transfection. 

25. The method of Claim 24, wherein said nucleic acid molecule is DNA or RNA. 

26. The method of Claim 25, wherein said DNA is finear double stranded DNA, linear single 
stranded DNA, caxubr double stranded DNA or circular single stranded DNA. 

27. The method of Claim 25, wherein said DNA is ptasmid DNA. 

28. The method of Claim 24, wherein said transfection is mediated by cationic fipids. 

29. The method of Claim 24, wherein said receptor specific igand is selected from the group 
consisti n g of sugars, immunogSobufins, IGF-1 derived peptide, oV-integrins, epidermal growth factor, 
asialogtycoprotem, folate, transferrin and cr2-macroglobunn. 

30. A method for screerung compounds which activate transcription, comprising the steps of: 
conjugating a compound to a PNA; 

hybridizing a ptasmid encoding a reporter gene to said PNA containing said conjugated 
compound; 

transfecting a eel with said plasmid-PNA-compound complex; 
determining the level of expression of said reporter gene; and 

conrparing said level of expression of said reporter gene to the level of expression of said 
reporter gene in a eel transfected with the plaxmid-PNA complex, wherein an increase si reporter gene 
expression in the presence of the compound indicates that said compound is an activator of 
transcription. 

31. The method of Claim 30, wherein said reporter gene is selected from the group consisting of 
^•galartntidasa, tarf erase, cMorarnpheiiicol acetyrtransf erase green fluorescence protein and secreted alkafine 



WO 99/13719 PCT/US98/19503 

-30- 

32. A method for screening compounds which promote cetuiar uptake of en exogenous nucleic acid 
molecule, comprising the steps of: 

conjugating a compound to a PNA; 

hyhri&mg a nucleic add molecule to said PNA containing said conjugated compound; 
5 transferring a eel with said nucleic acsd-PNA-compound compiex; 

datennirtmg the intracellular amount of said nucleic acid molecule; and 
companng said intracaflular level of said nucleic acid molecule to a ceH transfected with a 
control complex not containing the compound, wherein an increase in the amount of said nucleic acid 
molecule in said ceB compared to said control eel indicates that said compound promotes cellular uptake 
10 of said exogenous nucleic acid molecule. 

33. The method of Claim 32, wherein said nucleic acid molecule is DNA or RNA. 

34. The method of Clarn 33, whereat said DNA molecule is enear double stranded DNA, linear 
single stranded DNA, circular double stranded DNA or circular single stranded DNA. 

35. The method of Claim 33, wherein said DNA is a plasmil 
15 36. A kit, comprising: 

a DNA molecule co m prisin g a PNA binding she and a multiple cloning she for insertion of a 
nucleic acid sequence; 

a PNA conjugate capable of binding to said PNA binding site; and 
sequencing pnmers complementary to said multiple cloning site. 
20 37. The kit of Claim 36, wherein said DN/ molecule b a pfasmtd. 

38. The kit of Claim 36, further com p ri si ng labeling buffer. 

39. The kit of Claim 36, wherein said PNA is conjugated to a fluorescent label 

40. The kit of Claim 36, wherein said PNA is conjugated to a chermcal group capable of reacting 
with a chemical group on a pro ten. 

25 41. The kit of Claim 40, wherein said chemical group is pyridyldfthio! or maleirmde. 

42. A method for enhancing the inmmogemcrty of a protein or peptide encoded by an exogenous 
transfected DNA molecule, comprising the step of hybridizing said exogenous DNA molecule to a PNA conjugated 
to an anrnunostxTiulatory molecule prior to transf action. 

43. The method of Claim 42, wherein said irranunostimuiatory molecule is selected from the group 
30 consisting of rymphokines, cytokines, muramyl dipeptide cornpleniem-derived peptides and ofgonudeotides. 

44. The method of Claim 42, wherein said okgorsudeotide is a CpG dmucteotrde repeat 

45. The method of Claim 4Z wherein said DNA molecule is e plasmid. 

46. A composition c omp ri si n g a nucleic molecule end a conjugated PNA moleculB associated with 
said nucleic acid molecule, wherein said PNA molecule contains a region com p le mentary to said nudeic acid 

35 molecule. 

47. The composition of Claim 46, wherein said nucleic cid molecule h DNA or RNA. 
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32. A method for screening compounds which promote ce&rfar uptake of an exogenous nucleic acid 
molecule, comprising the steps of: 

conjugating a compound to a PNA; 

faybrk&zing a mideic acid molecule to said PNA containing said conjugated compound; 

traiufecting a eel with said nucleic actd-PNA-compound complex; 

totermning the intracellular amount of said nucleic acid molecule; and 

co mp a rin g said intraceBular towel of said nucleic acid molecule to a ceB transtected with a 
control complex not containing the compound, wherein an increase in the amount of said nucleic acid 
molecule m said caB compared to said control eel indicates that said compound promotes cellular uptake 
of said exogenous nucleic acid molecule. 

33. The method of Claim 32, wherem said nucleic acid molecule b DNA or RNA. 

. 34. The method of Clam 33, wherein said DNA molecule is finear double stranded DNA, linear 
single stranded DNA, circular double stranded DNA or circular single stranded DNA. 

35. The method of Claim 33, wherein said DNA is a plasmkL 

36. A kit, comprtssig: 

a DNA molecule comprising a PNA binding site and a mumple cloning she for insertion of a 
nucleic acid sequence; 

a PNA conjugate capable of binding to said PNA binding site; and 
sequencing prsners complementary to said multiple doning site. 

37. The kit of Clain 36, wherein said DNA molecule b a pJasmid. 

38. The kit of Claim 36. further comprising labeling buffer. 

39. The kit of Claim 36, wherein said PNA b conjugated to a fluorescent label 

4a Tha kit of Claim 36, wherein said PNA b conjugated to a chemical group capable of reacting 
with a c h e m ica l group on a pro ten. 

41. The kit of Claim 40, wherein said chemical group b pyridyUffluol or malemuda. 

42. A method for enhancing the imniunagematy of a protein or peptide encoded by an exogenous 
transfected DNA molecule, comprising the step of hybridizing said exogenous DNA molecule to a PNA conjugated 
to en STOajnostmiuIatory molecule prior to transf action. 

43. The method of Claim 42, wherein said nrnmostirnmatory molecule b selected from the group 
consisting of rymphokmes, cytokines, imiramyl dipeptide ce mple me mHterhred peptides end ofgonudeotides. 

44. The method of Claim 42, wherein said oligonucleotide b a CpG dmucteotide repeat 

45. The method of Claim 42, wherein said DNA molecule b a plasmid. 

46. A composition comprising a nudetc molecule and a conjugated PNA molecule associated with 
said nucleic acid molecule; wherein said PNA molectue contains a region complementary to said nudetc acid 
molecule. 

47. The composition of Claim 46, wherein said nucleic rid molecule b DNA or RNA. 
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48. The composition of Clan 47, wherein said DNA molecule b selected from the group conststtig 
of inaar double stranded DNA, inaar single stranded DNA, circular double stranded DNA and circular single 
stranded DNA. 

49. The composition of Claim 47. wherein said DNA molecule b a ptasmtd. 

5 50. The composition of Claim 47. wherein said plasmid encodes a reporter gene or therapeutic 

51. The composition of Claim 50, wherein said reporter gene b selected from the group consisting 
of 0-gatactosidase, bicrf erase, chloramphenicol acetyrtransf erase, green fluorescence protein and secreted afkafine 
phosphatase. 

10 52. The composition of Claim 46, wherein said PNA b conjugated to a fluorescent colorimetric, 

raoloactivu or enzymatic label. 

53. The composition of Claim 46, wherein said PNA b conjugated to a protein, peptide, 
carbohydrate moiety or receptor eg and. 

54. The composition of Claim 53, wherein said peptide b selected from the group consbting of a 
15 nuclear locabation signal peptide, an enoosomal lytic peptide, a transcriptional activator domain peptide, a 

receptor specific peptide and an irvnunostiniulatory peptide. 

55. The composition of Clean 50, wherein said therapeutic gene b selected from the group consbtng 
of cystic hlbrosb transmembrane receptor (CFTRL msuin, dystrophin, interleukm 2. mterteuiun-12. erythropoietin, 
gamma interferon and granulocyte macrophage colony stanutatrng factor. 
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FIG. 6 
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